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© 1-Azabicyclo(3.2.0)Hept-2-Ene-2-carboxylic acid compounds. 



© A compound of the formula 



o 

CO 



R 1 



UJ 



in which 

R 1 is carboxy, protected carboxy or carboxylato t 

R 2 is hydroxy(lower)alkyl or protected hydroxy (lower)alky I, 

R 3 is hydrogen or lower alkyl. 
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A is a group of the formula: 




wherein 




NH 



is N-containing aliphatic heterocyclic group optionally containing additional hetero atom(s), 
R 4 is hydrogen, hydroxy, protected hydroxy, hydroxy(lower)alkyl, protected hydroxy(lower)alkyI, lower alkyl, 
lower alkoxy(lower)alkyl, halogen, carbamoyl, mono- or di(lower)alkylcarbamoyl or imino-protective group, 
R 5 is hydrogen, lower alkenyl, carbamoyl, mono- or di(lower)aikylcarbamoyl, imino-protective group, or a 
group of the formula : 



wherein 

R 5 is hydrogen or lower alkyl optionally substituted by suitable substituent(s), 

R 7 is hydrogen, lower alkyl, cyano, hydroxy(lower)alkoxy(lower)alkyl or heterocyclic group, 

R 8 is lower alkyl, or 

R 7 is combined with R 5 or R 8 to form lower atkylene, and 

m and n are each an integer of 0 to 3, or pharmaceutical^ acceptable salts thereof, 

processes for their preparation and pharmaceutical compositions comprising them as active ingredient in 
association with a pharmaceutical^ acceptable carrier or excipient. 




7 




or 
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1-AZABICYCLO[3.2.0]HEPT-2-ENE-2-CARBOXYLIC ACID COMPOUNDS 



The present invention relates to novel 1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid compounds and 
pharmaceutically acceptable salts thereof. 

More particularly, it relates to novel 1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid compounds and 
pharmaceutically acceptable salts thereof, which have antimicrobial activity. 
5 Accordingly, the object of the present invention is to provide novel 1-azabicyclo[3.2.0]hept-2-ene-2- 

carboxylic acid compounds and pharmaceutically acceptable salts thereof, which are highly active against a 
number of pathogenic microorganisms and are useful as antimicrobial agents. 

The object 1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid compounds are novel and can be repre- 
sented by the following general formula : 



75 




in which 

R 1 is carboxy, protected carboxy or carboxylato, 

R 2 is hydroxy(lower)alkyl or protected hydroxy(lower)alkyl, 

R 3 is hydrogen or lower aikyl, 

A is a group of the formula: 



30 
35 

wherein 

40 




is N-containing a aliphatic heterocyclic group optionally containing additional hetero atom(s), 
R* is hydrogen, hydroxy, protected hydroxy, hydroxy(lower)alkyl, protected hydroxy(lower)alkyl, lower aikyl, 
lower alkcxy(lower)alkyl, halogen, carbamoyl, mono- or di(lower)alkylcarbamoyl or imino-protective group, 
R 5 is hydrogen, lower alkenyl, carbamoyl mono-or di(lower)alkylcarbamoyl, imino-prptective group, or a 
group of the formula : 



50 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



wherein 

R s is hydrogen or lower alkyl optionally substituted by suitable substituent(s), 

R 7 is hydrogen, lower alkyl, cyano, hydroxy(!ower)alkoxy(lower)alkyl or heterocyclic group, 

R 8 is lower alkyl, or 

R 7 is combined with R 5 or R 8 to form lower alkylene, and 

m and n are each an integer of 0 to 3, or pharmaceutical^ acceptable salts thereof. 

Suitable pharmaceutical^ acceptable salts of the object compound (I) are conventional non-toxic salts 
and may include a salt with a base such as an inorganic base salt, for example, an alkali metal salt (e.g. 
sodium salt, potassium salt, etc.), an alkaline earth metal salt (e.g. calcium salt, magnesium salt, etc.), an 
ammonium salt, an organic base salt, for example, an organic amine salt (e.g. triethylamine salt, pyridine 
salt, picoline salt, ethanolamine salt, triethanolamine salt, dicyclohexylamine salt, N,N-diben- 
zylethylenediamine salt, etc.); a salt with an acid such as inorganic acid addition salt (e.g. hydrochloride, 
hydrobromide, sulfate, phosphate, etc.), an organic acid addition salt (e.g. formate, acetate, trifluoroacetate, 
maleate, tartrate, methanesulfonate, benzenesulfonate, etc); a salt with a basic or acidic amino acid (e.g. 
arginine, aspartic acid, glutamic acid, etc.); intramolecular quaternary salt and the like. 

Said intramolecular salt can be formed when R 5 is lower alkenyl a d the nitrogen atom in a group of the 
formula : 



has an additional substituent such as lower alkyl, and R 2 is carboxylato, or R 5 is a group of the formula : 



and R 2 is carboxylato, and suitable example of the former intramolecular quaternary salt may include 1- 
(lower)alkenyl-1-(lower)alkylpyrrolidinio carboxyiate (e.g. 1-allyl-1-methyl-3-pyrrolidinio carboxylate, etc.), 
and the like. 

In the object compound (I) and the intermediary compounds mentioned below, it is to be understood 
that there may be one or more stereo-isomeric pair(s) such as optical isomers due to asymmetric carbon 
atom(s), and such isomers are also included within the scope of the present invention. 

According to the present invention, the object compound (I) or pharmaceutical^ acceptable salts thereof 
can be prepared by the processes as illustrated by the following reaction schemes. 





4 



BNSDOCID: <EP 0394991 A1J_> 



EP 0 394 991 A1 



Process 1 : 




25 



30 



35 



40 



45 



50 



55 
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Process 2 



10 



75 



(I-a) 
or salts thereof 



Removal of the 
carboxy- 
protective 
group on 




COOH 

(I-b) 
or salts thereof 



20 



25 



30 



Process 3 : 




Removal of 
the hydroxy- 
protective 
group on R? 



»2 



35 



(I-c) 
or salts thereof 



(I-d) 
or salts thereof 



40 



45 



50 



Process 4 



Removal of 
the imino- 
protective 

c 

group of R; 




55 



(I-e) 
or salts thereof 



(I-f ) 
or salts thereof 
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Process 5 : 



70 



m 

4 



5 Reduction 




(CH 2 ) 



m 



X N-R 5 



D l 2 n \ 4 



75 



(i-g) 
or salts thereof 



(I-h) 
or salts thereof 



20 



Process 6 



25 



30 



35 



R 1 

(I-f ) 

or salts thereof 
Process 7 : 



* 10 -°-*! 



(XIII) 

y 

or salts 
thereof 




(I-i) 
or salts thereof 



40 



45 



50 



<I-j> 
or salts thereof 



Removal of 
the hydroxy- 
protective 

4 

group on R 



(I-k) 
or salts thereof 



55 
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10 




N / 



n-coor: 



Palladium 
compound 

Scavenger 
(1 equivalent) 



15 (I-Jt) 

or salts thereof 



(I-m) 
or salts thereof 



20 



25 




N-R" 



Lower 

alkylating 
agent 




COO 



30 



35 



(I-m) 
or salts thereof 

Process 10 : 



(I-n) 
or salts thereof 



40 



45 



50 



I* I , (CH 0 ) -NH 

° 'i < CH 2>rT NH 



(I-o) 
or salts thereof 



R 10 -O 



(XIII-a) 

or salts 
thereof 




< CH 2>m-^ 
^ N^/ \ (CH2 ) n _ N - 

coo© © 



(I-p) 



19 



55 
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Process 11 



70 



75 




(CH 2 ) m -NH 2 
(CH 2 ) n -NH 2 



(XI) 

or salts thereof 



R 10 -O 



NH 
(XHI-b) 

1 

or salts 
thereof 



< CH 2V N , 




(I-q) 
or salts thereof 



20 



which R\ R 2 , R 3 , R 4 , R 5 , m, n, A and the formula : 



25 



30 



are each as defined above, 



s protected carboxy, 

s protected hydroxy(lower)alkyi, 

s hydroxy(lower)alkyl, 

s protected hydroxy or protected hydroxy (lower)alky I, 
s hydroxy or hydroxy(lower)alkyl, 
s imino-protective group, 
s a group of the formula : 



35 



40 



45 



>"- r7 



or 



\r 8 



wherein R e , R 7 and R 8 are each as defined above, 

R^ is lower alkenyl, 

R 9 is lower alkoxy or aryl, 

R 10 is lower alkyl or ar(lower)alkyl, and 

R 11 is lower alkyl. 

The starting compounds (II) and (XI) used in the Processes 1 and 1 1 are new and can be prepared, for 
example, by the methods as shown in the following. 



50 



55 
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Method A : 



R 3 -CH-,CO-A = 3 

1 2 R 

R _ (IV) R I 



L 



Method B : 



^NH O 
or salts O 

thereof 



(III) (V) 

or salts thereof 



CHO-R 1 (VI) 



3 or its reactive 

2 

R I equivalent 

. 



(V) 

or salts thereof 




Method C : 




Aa 



P(R 9 ) 3 
(VIII) 



NO 
' 1 



O 

OH 

R J 
(VII) 

oi a reactive derivative 

at the hydroxy group thereof, 

or salts thereof 




-N 



|— Aa 



= P(R ) 



R 
(ID 

or salts thereof 



10 
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Method D : 



10 



Rv p x Sr Aa 

^ NH o 



R -CO-X 
(IX) 

or salts 
thereof 



R Y^ir ta 

o >- o 

R 



(V) 

75 or salts thereof 



(x) 

or salts thereof 



55 



Method E : 



20 



25 



,2 R 




ip-Aa 
N O 



P(R 9 ) 3 
(VIII) 




R 



j— Aa 

0 9 
PUT ) 



30 



(X) 

or salts thereof 



(II) 

or salts thereof 



35 Method F 



40 



45 



R I? 
( CH„ ) -NH-R 



Cyclization 



2 'm 



<?—®\ 0 (CH 2 ) n -NH-R 



° > p < r9 > 



13 



R 




(CH 2 ) m- NH - R 



12 



O ' l x (CH 2 ) n -NH-R 



13 



(Il-a) 
50 or salts thereof 



(XII) 
or salts thereof 
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Method G 



,12 



Removal of the 
carboxy- 




,(CH 2 ) m -NH-R protective 



f .(CH 2 ) m -NH-R 12 



_ (CH_) n -NH-R J - 3 
R ^ 



group on R* tTT^~C 

^0 ' (CH^) -NH- 

COOH * n 



.13 



(XH-a) 
or salts thereof 



(XII) 
or salts thereof 



Method H : 




,12 



Removal of 
the hydroxy- 



( CH- ) -NH-R protective 
2 m 

group on R' 



( CH-, ) -NH-R 
1 2 n 



13 




( CH-,) -NH-R 

2 m 



12 



! (CH 2 ) n -NH-R 



13 



(XII-c) 
or salts thereof 



(Xll-d) 
or salts thereof 



Method I : 




Removal of 
the imino- 
protective 
group(s) on 
(CH 2 ) m -NH-R 12 R 12 and/ or r 2 v 

^ 13 r13 /-n^// 

(CH 2 ) n" NH " R *" 0 l 

R R 




(CH 2 ) m -NH 2 



(CH,) n -NH 2 



(XII) 
or salts thereof 



(Xll-e) 
or salts thereof 



12 
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in which 

R\ R a , R 2 , R 2 , , R 2 , , R 3 , R 9 , m and n are each as defined above, 
A a is a group of the formula : 





(CH-) -NH-R 
z m 



12 



(CH 2 ) n -NH-R 



13 



wherein 

R*, R 5 , m, n and the formula : 




NH 



are each as defined above, and 

R 12 and R 13 are each hydrogen or imino-protective group, 
L is a leaving group, and 
X is halogen. 

In the above and subsequent descriptions of the present specification, suitable examples and illustra- 
tions of the various definitions which the present invention includes within the scope thereof are explained in 
detail as follows. 

The term "lower" is intended to mean 1 to 6 carbon atom(s), unless otherwise indicated. 

Suitable "protected carboxy" may include esterified carboxy wherein "esterified carboxy" can be 
referred to the ones as mentioned below. 

Suitable examples of the ester moiety of an esterified carboxy may be the ones such as lower alkyl 
ester (e.g. methyl ester, ethyl ester, propyl ester, isopropyl ester, butyl ester, isobutyl ester t-butyl ester, 
pentyl ester, hexyl ester, etc.) which may have at least one suitable substituent, for example, lower 
alkanoyloxy(lower)alkyl ester [e.g. acetoxymethyl ester, propionyloxymethyl ester, butyryloxymethyl ester, 
valeryloxymethyl ester, pivaloyloxymethyl ester, hexanoyloxymethyl ester; mono(or di or trt)halo(iower)alkyl 
ester (e.g. 2-iodoethyl ester, 2,2,2-trichloroethyl ester, etc.); lower alkenyl ester (e.g. vinyl ester, allyl ester, 
etc.); ar(lower)alkyl ester which may have at least one suitable substituent (e.g. benzyl ester, 4-methoxyben- 
zyl ester, 4-nitrobenzyl ester, phenethyl ester, trityl ester, benzhydryl ester, bis(methoxyphenyl)methyl 
ester, 3,4-dimethoxybenzyl ester, 4-hydroxy-3,5-di-t-butylbenzyl ester, etc.); and the like. 

More preferable example of the protected carboxy thus defined may be C2-C4 alkenyloxycarbonyl and 
phenyl(or nitrophenyl)(Ci-C4.)alkoxycarbonyl and the most preferable one may be allyloxycarbonyl and 4- 
nitrobenzyloxycarbonyl. 

Suitable "hydroxy(lower)alkyl" may include straight or branched lower alkyl having hydroxy group such 
as hydroxymethyl, hydroxyethyl, hydroxy propyl, 1-(hydroxymethyl)ethyl, 1-hydroxy-1-methylethyl, hydrox- 
ybutyl, hydroxy pentyl, hydroxyhexyl, and the like, in which more preferable example may be hydroxy(Ci- 
COalkyl and the most preferable one may be 1 -hydroxyethyl for R 2 and hydroxymethyl for R 4 . 

Suitable "protected hydroxy(lower)alkyl" means aforementioned hydroxy(lower)alkyl, in which the 
hydroxy group is protected by a conventional hydroxy-protective group such as those mentioned in the 
explanation of imino-protective group as mentioned below; and further ar(lower)alkyl such as mono- or di- or 
triphenyl(lower)a!kyl (e.g. benzyl, benzhydryl, trityl, etc.), etc.; 

trisubstituted silyl such as tri(lower)alkylsiiy( (e.g. trimethylsilyi, triethylsilyl, isopropyldimethylsilyl, t-butyl- 
dimethylsilyl, diisopropylmethylsilyl, etc.), 
triarylsilyl (e.g. triphenylsilyl, etc.), 

triar(lower)alkylsilyl (e.g. tribenzylsilyl, etc.), etc.; and the like. 

More preferable example of "protected hydroxy(lower)alkyl thus defined may be {phenyl(or 
nitrophenyl)(Ci-C4)alkoxy}carbonyloxy(Ci-C4)alkyl and {tri(Ci-C4)alkylsilyl}oxy(Ci-C4)alkyl, and the most 
preferable one may be 1-trimethylsilyloxyethyl and 1-t-butyldimethylsilyloxyethyl for R 2 , and t-butyldimethyl- 
silyloxymethyl for R 4 . 

Suitable "protected hydroxy" means conventional one, in which the hydroxy group is protected by a 
conventional hydroxy-protective group such as those mentioned in the explanation of protected hydroxy- 
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(lower)alkyl as mentioned above, in which more preferable example may be {phenyl(or nitrophenyl)(Ci-C<v)- 
alkoxy}carbonyloxy and {tri(Ci -Chalky lsilyI}oxy, and the most preferable one may be t-butyldimethyl- 
silyloxymethyl. 

Suitable "lower alkyl" may include straight or branched one such as methyl, ethyl, propyl, isopropyl, 
5 butyl, t-butyl, pentyl, hexyl, and the like, in which more preferable example may be C— alkyl, and the 

most preferable one may be methyl for R 3 , R s and R 8 , and methyl, ethyl and isopropyl for R 7 . 

Suitable "lower alkoxy(lower)aikyl" may include straight or branched hydroxy(lower)alkyl as mentioned 

above, in which the hydroxy group is substituted by lower alkyl group as mentioned above, in which 

preferable example may be Ci-C* alkoxy(Ci-C4)alkyl and the most preferable one may be methoxymethyl. 
70 Suitable "imino-protective group" may include acyl such as carbamoyl, aliphatic acyl, aromatic acyl, 

heterocyclic acyl and aliphatic acyl substituted with aromatic or heterocyclic group(s) derived from 

carboxyiic, carbonic, sulfonic and carbamic acids. ' 

The aliphatic acyl may include saturated or unsaturated, acyclic or cyclic ones, for example, alkanoyl 

such as lower alkanoyl (e.g. formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl, 
15 hexanoyl, etc.). alkylsulfonyl such s lower alkylsulfonyl (e.g. mesyl, ethylsulfonyl, propylsulfonyl, isopropyl- 

sulfonyl, butylsulfonyl isobutylsulfonyl, pentylsulfonyl, hexylsulfonyl, etc.), carbamoyl, N-alkylcarbamoyl (e.g. 

methylcarbamoyl, ethylcarbamoyl, etc.), alkoxycarbonyl such as lower alkoxycarbonyl (e.g. methoxycar- 

bonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, t-butoxycarbonyl, etc.), alkenyloxycarbonyl such 

as lower alkenyloxycarbonyl (e.g. vinyloxycarbonyl, allyloxycarbonyl, etc.), alkenoyl such as lower alkenoyl 
20 (e.g. acryloyt, methacryloyl, crotonoyl, etc.), cycioalkanecarbonyl such as cyclo(lower)alkanecarbonyl (e.g. 

cyclopropanecarbonyl, cyclopentanecarbonyl, cyclohexanecarbonyl, etc.), and the like. 

The aliphatic acyl substituted with aromatic group(s) may include aralkoxycarbonyl such as phenyl- 

(lower)alkoxycarbonyl (e.g. benzyloxycarbonyl, phenethyloxycarbonyl, etc.), and the like. 

These acyl groups may be further substituted with one or more suitable substituent(s) such as nitro, 
25 and the like, and preferable acyl having such substituent(s) may be nitroaralkoxycarbonyl (e.g. nitroben- 

zyloxycarbonyl, etc.), and the like. 

More preferable example of "imino-protective group" thus defined may be C2-C4 alkenyloxycarbonyl 

and phenyl(or nitrophenyl)(Ci-C^)alkoxycarbonyI and the most preferable one may be allyloxycarbonyl for 

R 4 , and allyloxycarbonyl and benzyloxycarbonyl for R 5 . 
30 Suitable "lower alkoxy" may include straight or branched one such as methoxy, ethoxy, propoxy, 

isopropoxy, butoxy, isobutoxy, pentyloxy, isopentyloxy, hexyloxy, etc., in which more preferable example 

may be Ci-C* alkoxy and the most preferable one may be ethoxy. 

Suitable "aryl" may include Cg-Cio aryl such as phenyl, tolyl, xylyl, cumenyl, mesithyl, naphthyl, and 

the like, in which more preferable example may be phenyl. 
35 Suitable "leaving group" may include an inorganic acid residue such as azido, halogen (e.g. chlorine, 

bromine, fluorine or iodine), and the like, an organic acid residue such as acyloxy, for example, lower 

alkanoyloxy (e.g. acetoxy, etc.), sulfonyloxy (e.g. benzenesulfonyloxy, tosyloxy, methanesulfonyloxy, etc.), 

and the like, in which more preferable example may be C1-C4 alkanoyloxy and the most preferable one 

may be acetoxy. 

40 Suitable "halogen" may include chlorine, bromine, iodine and fluorine, in which more preferable 
example may be fluorine for R 4 and chlorine for X. 

Suitable "mono- or di(lower)alkylcarbamoyl" means carbamoyl substituted by straight or branched 
lower alkyl as mentioned above, such as methylcarbamoyl, dimethylcarbamoyl, ethylcarbamoyl, diethylcar- 
bamoyl, N-methyl-N-ethylcarbamoyl, propylcarbamoyl, dipropylcarbamoyl, isopropylcarbamoyl, butylcar- 
45 bamoyl, pentylcarbamoyl, hexylcarbamoyl, and the like, in which more preferable example may be mono- 
or di(Ci-COalkylcarbamoyI and the most preferable one may be dimethylcarbamoyl. 

Suitable "lower alkenyl" may include straight or branched one such as vinyl, aliyl, and the like, in which 
more preferable example may be C2-C4 alkenyl and the most preferable one may be allyl. 

"Suitable "hydroxy(lower)aIkoxy(lower)aIkyl" may include aforementioned lower alkyl substituted by 
50 hydroxy(lower)alkyl as mentioned above, in which more preferable example may be hydroxy(Ci-C4)alkoxy- 
(Ci-COalkyl and the most preferable one may be 2-(2-hydroxyethoxy)ethyl. 

Suitable "lower alkyl optionally substituted by suitable substituent(s)" may include aforementioned lower 
alkyl group, which is substituted or unsubstituted by one or more, preferably one to three suitable 
substituent(s) selected from a group consisting of hydroxy, carbamoyl and halogen as mentioned above, in 
55 which more preferable example may be C1-C4 alkyl, hydroxy(Ci-C4)alkyl, halo(Ci-C4)alkyl and carbamoyl- 
(Ci-C4)alkyl, and the most preferable one may be methyl, hydroxymethyl, fluoromethyi and carbamoyl- 
methyl. 

Suitable "heterocyclic group" means saturated or unsaturated, monocyclic or polycyclic heterocyclic 

14 
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group containing at least one hetero-atom such as an oxygen, sulfur, nitrogen atom and the like. 

Preferable heterocyclic group may be heterocyclic group such as: 
-unsaturated 3 to 8-membered, preferably 5 or 6-membered heteromonocyclic group containing 1 to 4 
nitrogen atom(s), for example, pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, pyridyl, and its N-oxide pyrimidyl, 
5 pyrazinyl, pyridazinyl, triazolyl (e.g., 4H-1,2,4-triazoIyl, 1 H-1 ,2,3-triazolyl, 2H-1 ,2,3-triazolyl, etc.), tetrazolyl 
(e.g., 1H-tetrazolyl, 2H-tetrazolyl, etc.), dihydrotriazinyl (e.g., 4,5-dihydro-1 ,2,4-triazinyl, 2,5-dihydro-1 ,2,4- 
triazinyl, etc.), etc.; 

-saturated 3 to 8-membered, preferably 5 or 6-membered heteromonocyclic group containing 1 to 4 
nitrogen atom(s), for example, azetidinyl, pyrroiidinyl, imidazolidinyi, piperidinyl, pyrazolidinyl, piperazinyl, 
10 etc; 

-unsaturated condensed, preferably 5 or 6-membered heterocyclic group containing 1 to 5 nitrogen atom(s), 
for example, indolyl, isoindolyl, indolizinyl, benzimidazolyl, quinolyi, isoquinolyl, indazolyl, benzotriazolyl, 
tetrazolopyridyl, tetrazolopyridazinyl (e.g., tetrazolo[1,5-b]pyridazinyl, etc.), dihydrotriazolopyridazinyl, etc.; 
-unsaturated 3 to 8-membered, preferably 5 or 6-membered heteromonocyclic group containing 1 to 2 
is oxygen atom(s) and 1 to 3 nitrogen atom(s), for example, oxazolyl, jsoxazolyl, oxadiazolyl, (e.g., 1,2,4- 
oxadiazolyl, 1,3,4-oxadiazolyl, 1 ,2,5-oxadiazolyi, etc.), etc.; 

-saturated 3 to 8-membered, preferably 5 or 6-membered heteromonocyclic group containing 1 to 2 oxygen 
atom(s) and 1 to 3 nitrogen atom(s), for example, morpholinyl, etc.; 

-unsaturated condensed, preferably 5 or 6-membered heterocyclic group containing 1 to 2 oxygen atom(s) 
20 and 1 to 3 nitrogen atom(s), for example, benzoxazolyl, benzoxadiazolyl, etc.; 

-unsaturated 3 to 8-membered, preferably 5 or 6-membered heteromonocyclic group containing 1 to 2 
sulfur atom(s) and 1 to 3 nitrogen atom(s), for example, thiazolyl, thiazolinyl, thiadiazolyi (e.g., 1,2,4- 
thiadiazolyl, 1 ,3,4-thiadiazolyl, 1 ,2,5-thiadiazolyl, 1 ,2,3-thiadiazolyi), etc.; 

-saturated 3 to 8-membered, preferably 5 or 6-membered heteromonocyclic group containing 1 to 2 sulfur 
25 atom(s) and 1 to 3 nitrogen atom(s), for example, thiazolidinyl, isothiazolidinyl, thiadiazolidinyl, etc.; 

-unsaturated 3 to 8-membered, preferably 5 or 6-membered heteromonocyclic group containing a sulfur 
atom, for example, thienyl, etc.; 

-unsaturated condensed, preferably 5 or 6-membered heterocyclic group containing 1 to 2 sulfur atom(s) 

and 1 to 3 nitrogen atom(s), for example, benzothiazolyl, benzothiadiazolyl, etc. and the like; 
30 in which more preferable example may be saturated or unsaturated 5 or 6-membered heteromonocyclic 

group containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen atom(s), and the most preferable one may be 

thiazolyl (e.g. thiazol-2-yl, etc.). 

More preferable example of R 5 thus defined may be hydrogen, C 2 -C 4 alkenyl, C2-C4 alkenyloxyca- 

rbonyl, phenyl(or nitrophenyl)(Ci-C^)alkoxycarbonyl, dKCi-Oalkylcarbamoyl, (C1-C4) alkanimidoyl, N-(Ci- 
35 C 5 )a1kyl(Ci-COaikanimidoyl, N-[hydroxy(Ci-4)alkoxy(Ci-C4)alkyl](Ci-C4)alkanimidoyl, N-cyano(Ci-CU)- 

alkanimidoyl, N-thiazolyl(or thiazolinyl or thiadiazolyi or thiazolidinyl or isothiazolidinyl or thiadiazolidinyl)(Ci- 

C-Oalkanimidoyl, C-hydroxy(or halo or carbamoyl)(Ci-COalkanimidoyl, N,N-di(Ci-C4)alkyliminio(Ct-C4)alkyl, 

and a compound of the formula : 



40 



45 




(wherein R e is hydrogen or C1-C4 alkyl, R 8 is C1-C4 alkyl, and I is an integer of 3 to 5 to form 5 or 6- 
membered N-containing heterocyclic ring, respectively), and the most preferable examples may be 
hydrogen, allyl, ailyloxycarbonyl, bezyloxycarbonyl, dimethylcarbamoyl, formimidoyl, acetimidoyl, N-methyl- 
(or ethyl or isopropyl)formimidoyI, N-methylacetimidoyl, N-[2-(2-hydroxyethoxy)ethyl]formimidoyl, N- 
cyanoformimidoyl, N-(thiazol-2-yl)formimidoyI, N-(1,3,4-thiadiazol-2-yl)formimidoyl, 2-hydroxy(or fluoro or 
carbamoyl)acetimidoyl, N,N-dimethyliminiomethyl, 1-pyrrolin-2-yl, 1-methyl-2-(1-pyrrolinio), and a compound 
of the formula: 
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group containing a nitrogen atom and o2„.l 1^,,,!? he ' e '° c >'* S"°"P '» non-aromatic hoterocyolic 

thu S P r j :S' ma ;r ,a,n ' n9 ^ »* «"<■£ *««ona, netoro „om ( s," 

dihydropyridyi, ,e,rah»dVid,l. dihydSnyl I J,V " PYr '°" n "' 

ncr,^r^ 

r Sal 3 r^rzsi 6 ::^™'* — — < » * 

2T« ? foT logon P rS' y ,or 'e^^f T ' » 2 «*" 
pholinyl. ate; "' """V*- ttaolidmyl, isothiaiolidinyl, thi.diazolidinyl, thlomor- 

*eZZZZZ\ZSZ y °'£ C °" a, °'" 9 a " Ph * he ' ero<; '* »™» «»9 

^fand 4 *° e "™" ,b '* ed to ««o,io group confining , to z sulfur alom(sl ana , ,„ 3 ^ 

- a heterocyclic group of the formula: 



20 



25 




NH or 



(^Jn 1 ^ V ( CH 2)n 2 - N / 

(wherein m 1 and n' are each an integer of 0 to 3, and 

i:t L":t;srit; r s ° «'«"■■♦«■«—«.*.♦».„ 

-pyrrolinyl (e.g. 3-pyrrolin-3-yI, etc.); 
45 - imidazolinyl (e.g. 2nmidazolin-4-yl! etc )• 

•' SS^JZ^ST^^ ^-~py„d,,3-y,. ** 

- pyrrohdinyl (e.g. pyrrolidin-2-yl. pyrrolidin-3-yl etc V 

- pipendinyl [e.g. piperidin-2(or 3 or 4)-yl, etc ]* ' 
50 - pyrazolidinyl (e.g. pyrazolidin-4-yl, etc.); 

- piperazinyl (e.g. piperazin-2-yl, etc.); 

- morphoiiny! [e.g. morpholin-2(or 3)-yi, etc.]- . 

- thiazolidinyl (e.g. thiazolidin-4-yl, etc.); 

- thiomorpholinyl (e.g. thiomorpholin-3-yl etc V 
55 and the like. ' 

»- I" SiSyT! JtTl^^t^^ OPti0na " y M ^ — *- I— atom- 
equilibrium : * here 3re tautome "c vomers as shown, for example, by the following 
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H 



5 




All of the above and the other tautomeric isomers are included within the scope of the present 
invention, and in the present specification, however, the object and intermediary compounds which include 
70 the group of such tautomeric isomers are represented by using one of the expressions therefor, for 
example, 2-imidazolin-4-yl and the formula : 



H 
N 



75 




20 only for convenient sake. 

The processes for the preparation of the object compound (I) of the present invention are explained in 
detail in the following. 



25 (1) Process 1 : 

The compound (I) or salts thereof can be prepared by cyclizing the compound (II) or salts thereof. 

Suitable salts of the compound (II) may be the same as those for the compound (I). 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
30 reaction such as dioxane, hexamethylphosphoramide, benzene, toluene, xylene, dimethylsuifoxide, N,N- 
dimethylformamide, pyridine, etc., or a mixture thereof. 

The reaction temperature of this reaction is not critical and the reaction is usually carried out under from 
warming to heating. 

35 

(2) Process 2 : 

The compound (l-b) or salts thereof can be prepared by subjecting the compound (l-a) or salts thereof 
to removal reaction of the carboxy-protective group on Rl . 
40 Suitable salts of the compounds (l-a) and (l-b) may be the same as those for the compound (I). 

The present reaction is usually carried out by a conventional method such as hydrolysis, reduction, and 
the like. 



45 (i) Hydrolysis : 

Hydrolysis is preferably carried out in the presence of a base or an acid. Suitable base may include an 
alkalimetal hydroxide (e.g. sodium hydroxide, potassium hydroxide, etc.), an alkaline earth metal hydroxide 
(e.g. magnesium hydroxide, calcium hydroxide, etc.), alkali metal hydride (e.g. sodium hydride, potassium 
50 hydride, etc.), alkaline earth metal hydride (e.g. calcium hydride, etc.), alkali metal alkoxide (e.g. sodium 
methoxide, sodium ethoxide, potassium t-butoxide, etc.), an alkali metal carbonate (e.g. sodium carbonate, 
potassium carbonate, etc.), and alkaline earth metal carbonate (e.g. magnesium carbonate, calcium 
carbonate, etc.), an alkali metal bicarbonate (e.g. sodium bicarbonate, potassium bicarbonate, etc.), and the 
like. 

55 Suitable acid may include an organic acid (e.g. formic acid, acetic acid, propionic acid, trifluoroacetic 
acid, benzenesulfonic acid, p-toluenesulfonic acid, etc.) and an inorganic acid (e.g. hydrochloric acid, 
hydrobromic acid, sulfuric acid, phosphoric acid, etc.). The acidic hydrolysis using trifluoroacetic acid is 
usually accelerated by addition of cation trapping agent (e.g. phenol, anisole, etc.). 
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acetone, etc., or a mixture thereof A liqufd base n £i? L ° ' an °'-' ^Vdrohiran. dioxane, 

The reaction temperature is not crS and ht r T ^ U>8d the S °' Vent - 
heating. Cnt,Cal and the reactlon * dually carried out under from cooling to 



(ii) Reduction : 



75 



20 



25 



30 



35 



40 



45 



chloride, chromous acetate, etc ^ and an TroaniT' ?') 0r 3 ° f Chr ° me com P° und C-B- chromou 
hydrochloric acid, sulfuric acid, etc) and JST^h" 0 ? (e * aMHc 3dd ' pr ° pionic acid - 
metallic catalyst such as palladtm catelvsiTp n V ° the presence of a conventional 

palladium on carbon, col^Xfl^^SmTSL-^'r P 3 "^™ btaCk ' Pa " adium «**■ 
palladium hydroxide on carbon, etc.) n^el ca SsS fe o J^"?", P 3 " 3 "^ ° n baHum Carbonate ' 

platinum catalysts (e.g. platinum plate soonov (e ' g - , reduced nickel - ni ^el oxide, Raney nickel, etc.,, 
Platinum wire, etc.), and L like P 9 " P ' at ' nUm black ' co,loidal P' a «™"- platinum oxide, 

conditio? 86 th3t CatalVtiC redUCti ° n iS app » ed ' ^ -action is preferably carried out around neutral 

^^£XS£Z z^ri^z^r:^ does not a ^ ™— *. 

buffer solution (e.g. phosphate buffer, acetate buffer c ) and tt^ ^ acid. 

The reaction temperature is not critical and L ', ° r 3 m,XtUre ,hereof - 

warming. ° l Cnt ' Cal and the reactl0n IS usually carried out under from cooling to 

a pa'LTum Z^T^™*™ ^ " ^ 9 ™ P ' » can b * by hydrogenolysis using 

on b * P**-" on carbon, pal.adium hydroxide 

bis(dib e nzy l ideneacetone ) palladium O) dTf I bfsS 

phosphMpalladiurn^, JL«*fii pSJSSSES^^ tetrakisariphe^ 

dimedone. benzoy. acetate. ^y^J^^^^^r act,vated -f Xylene compound (e.gT 
tetrahydropyranyloxybenzyl cyanide etc ) lower iSL „ cyanohydr.n compound (e.g. «- 

etc.). K a 9ana (e - 9 ' tr| Pnenylphosph,ne, tnphenyl phosphite, triethyl phosphite, 

-Joi, 8 ; e rt 'r,r^s rrr; so ' ,, " , *** *- « «- 



so (3) Process 3 



55 



.o j^tk rr n ;*~r e sets by me « » - 
Th. m «.d of i«crs«j^i^^r o<i ^ as hvdroivsis - «< *• *•• 
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75 



20 



25 



30 



35 



40 



45 
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In case that the hydroxy-protective group is tri(lower)alkylsilyl, the removal of this protective group can 
also be carried out in the presence of tetra(lower)aikylammonium fluoride (e.g. tetrabutylammonium fluoride, 
etc.). 

The present process includes within the scope thereof a case that the carboxy-protective group on R 1 
and/or imino-protective group on R 5 and/or hydroxy-protective group on R 4 are removed at the same time 
during the reaction. 

(4) Process 4 : 

The compound (l-f) or salts thereof can be prepared by subjecting the compound (l-e) or salts thereof 
to removal reaction of the imino-protective group of R| . 

Suitable salts of the compound (l-e) may be salts with bases such as those given for the compound (I). 

Suitable salts of the compound (l-f) may be the same at those for the compound (I). 

This reaction is usually carried out by a conventional method such as hydrolysis, reduction, and the 

like. 

The method of hydrolysis and reduction, and the reaction conditions (e.g. reaction temperature, solvent, 
etc.) are substantially the same as those illustrated for removal reaction of the carboxy-protective group of 
the compound (l-a) in Process 2, and therefore are to be referred to said explanation. 

The present process includes within the scope thereof a case that the carboxy- and/or hydroxy- 
protective group(s) on R 1 and/or R 2 and/or hydroxy-protective group on R 4 are removed at the same time 
during the reaction. 



(5) Process 5 : 

The compound (1-h) or salts thereof can be prepared by reducing the compound (l-g) or salts thereof. 

Suitable salts of the compounds (l-g) and (l-h) may be the same as those for the compound (I). 

The method of reduction and the reaction conditions (e.g. reaction temperature, solvent, etc.) are 
substantially the same as those illustrated for removal reaction of the carboxy-protective group of the 
compound (I-a) in Process 2, and therefore are to be referred to said explanation. 

The present process includes within the scope thereof a case that the carboxy- and/or hydroxy- 
protective group(s) on R 1 and/or R 2 , and/or hydroxy- and/or imino-protective group(s) on R 4 ^ and/or of R 5 are 
removed at the same time during the reaction. 

(6) Process 6 : 

The compound (l-i) or salts thereof can be prepared by reacting the compound (l-f) or salts thereof with 
the compound (XIII) or salts thereof. 

Suitable salts of the compound (I-i) may be the same as those for the compound (I). 

Suitable salts of the compound (XIII) may be the same acid addition salts as those given for the 
compound (I). 

Among the compound (XIII), a compound of the formula : 




can be prepared in situ by reacting a compound of the formula : 
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with a sulfuric acid derivative having, for example, the formula : (R 10 >2S0*. 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as tetrahydrofuran, dioxane, water, methanol, ethanoi, buffer solution (e.g. phosphate buffer, 
etc.), etc., or a mixture thereof. 

This reaction can be carried out in the presence of an organic or inorganic base such as those given in 
the explanation of Process 2. 

The reaction temperature is not critical, and the reaction is usually carried out under from cooling to 
warming. 

(7) Process 7 : 

The compound (l-k) or salts thereof can be prepared by subjecting the compound (l-j) or salts thereof to 
removal reaction of the hydroxy-protective group on R£ . 

Suitable salts of the compounds (l-j) and (l-k) may be the same as those for the compound (I). 

This reaction is usually carried out by a conventional method such as hydrolysis, reduction and the like. 

The method of hydrolysis and reduction, and the reaction conditions (e.g. reaction temperature, solvent, 
etc.) are substantially the same as those illustrated for removal reaction of the carboxy-protective group of 
the compound (l-a) in Process 2, and therefore are to be referred to said explanation. 

In case that the hydroxy-protective group is tri(lower)alkylsilyl, the removal of this protective group can 
also be carried out in the presence of tetra(lower)alkylammonium fluoride (e.g. tetrabuty I ammonium fluoride, 
etc.). 

The present process includes within the scope thereof a case that the carboxy-protective group on R 1 
and/or imino-protective group of R 5 and/or hydroxy-protective group on R 2 are removed at the same time 
during the reaction. 

(8) Process 8 : 

The compound (l-m) or salts thereof can be prepared by reacting the compound (l-t) or salts thereof 
with Palladium compound in the presence of about 1 equivalent of a scavenger. 

Suitable salts of the compounds and (l-m) may be the same as those for the compound (I). 

Suitable Palladium compound used in this reaction may be palladium on carbon, palladium hydroxide 
on carbon, palladium chloride, a palladium-ligand complex such as tetrakis(triphenylphosphine)palladium(0), 
bis(dibenzylideneacetone)palladium(0). di[1,2-bis(diphenytphosphino)ethane]palladium(0), tetrakis(triphenyl 
phosphite)palladium(O), tetrakis(triethyl phosphite)palladium(O), and the like. 

The reaction can preferably be carried out in the presence of about 1 equivalent of a scavenger for 
lower alkenyi group generated in situ, such as amine (e.g. morpholine, N-methylaniline, etc.), an activated 
methylene compound (e.g. dirnedone, benzoyl acetate, 2-methyl-3-oxovaieric acid, etc.). a cyanohydrin 
compound (e.g. a-tetrahydropyranyloxybenzyl cyanide, etc.), alkanoic acid or a salt thereof (e.g. formic 
acid, acetic acid, ammonium formate, sodium acetate, sodium 2-ethylhexanoate, etc.), N-hydroxysuc- 
cinimide, and the like. 

This reaction can be carried out in the presence of a base such as lower alkylamine (e.g. butylamine, 
triethylamine, etc.), pyridine, and the like. 

When paliadium-Iigand complex is used in this reaction, the reaction can preferably be carried out in 
the presence of the corresponding ligand (e.g. triphenylphosphine, triphenyl phosphite, triethyl phosphite, 
etc.). 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as water, methanol, ethanoi, propanol, dioxane, tetrahydrofuran, acetonitrile, chloroform, 
dichioromethane, dichloroethane, ethyl acetate, etc., or a mixture thereof. 
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(9) Process 9 : 

The compound (l-n) or salts thereof can be prepared by reacting the compound (l-m) or salts thereof 
with a lower alkylating agent. 
5 Suitable salts of the compound (l-n) may be the same acid addition salts as those given for the 
compound (I). 

Suitable alkylating agent used in this reaction may include a conventional one which is capable of 
alkylating a hydroxy group to an alkoxy group such as dialkyl sulfate (e.g. dimethyl sulfate, diethyl sulfate, 
etc.), alkyl sulfonate (e.g. methyl sulfonate, etc.), alkyl halide (e.g. methyl iodide, ethyl iodide, propyl 
io bromide, etc.), diazoalkanes (e.g. diazomethane, diazoethane, etc.), and the like. 

This reaction is preferably carried out in the presence of an inorganic or organic base such as those 
given in the explanation of the Process 2, 

Further, this reaction is usually carried out in a conventional solvent which does not adversely influence 
the reaction such as water, acetone, dichloromethane, methanol, ethanol, propanol, pyridine, N,N-dimethyl- 
75 formamide, or a mixture thereof. 



(10) Process 10 

20 The compound (l-p) can be prepared by reacting the compound (i-o) or salts thereof with the compound 
(Xlll-a) or salts thereof. 

Suitable salts of the compound (l-o) may be the same as those for the compound (I). 

Suitable salts of the compound (Xlll-a) may be the same acid addition salts as those given for the 
compound (I). 

25 Suitable examples of the compound (Xlll-a) may be lower alkyl formimidate (e.g. methyl formimidate, 
ethyl formimidate, etc.), ar(lower)alkyl formimidate (e.g. benzyl formimidate, etc.), and the like. 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as tetrahydrofuran, dioxane, water, methanol, ethanol, buffer solution (e.g. phosphate buffer, 
etc.), etc., or a mixture thereof. 
30 This reaction can be carried out in the presence of an organic or inorganic base such as those given in 
the explanation of Process 2. 

The reaction temperature is not critical, and the reaction is usually carried out under from cooling to 
warming. 

35 

(11) Process 1 1 : 

The compound (l-q) or salts thereof can be prepared by reacting the compound (X!) or salts thereof 
with the compound (XIN-b) or salts thereof. 
40 Suitable salts of the compound (l-q) may be the same as those for the compound (I). 

This reaction is usually carried out in substantially the same manner as that of Process 10. 

The method and the reaction conditions (e.g. reaction temperature, solvent, etc.) are substantially the 
same as those illustrated for Process 10, and therefore are to be referred to said explanation. 

Suitable example of the compound (Xlll-b) may be lower alkyl (lower)alkanimidate (e.g. methyl 
45 formimidate, ethyl formimidate, methyl acetimidate, ethyl acetimidate, ethyl propionimidate, ethyl 
butyrimidate, ethyl isovalerimidate, ethyl pentanimidate, ethyl hexanimidate, etc.), ar(lower)alkyl (lower)- 
alkanimidate (e.g. benzyl formimidate, benzyl acetimidate, benzyl propionimidate, benzyl butyrimidate, 
benzyl isovalerimidate, benzyl pentanimidate, benzyl hexanimidate, etc.), and the like, or an acid addition 
salt thereof. 

so The object compound (I) obtained according to the Processes 1 to 11, can be isolated and purified in a 
conventional manner, for example, extraction, precipitation, fractional crystallization, recrystailization, 
chromatography, and the like. 

Methods for preparing the new starting compound (II) or salts thereof are explained in detail in the 
following. 

55 

(A) Method A : 
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(B) Method B 



?h I rI a T 6 equ,V f lents of the com P°^ (VI) may include monohydrate thereo and the Z 
heatlg 6 reaCti °" temPeratUre h CritiCa ' a " d the reaction is — "y -rried out under from warming to 



45 
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(C) Method C : 
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N-lower alkylpiperidine (e.g. N-ethylpiperidine, etc.), N,N-di(lower)alkylbenzylamine (e.g. N.N-dimethyl ben- 
zylamine, etc.), and the like. 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as dioxane, acetonitrile, chloroform, dichloromethane, hexamethylphosphoramide, dich- 
5 loroethane, tetrahydrofuran, ethyl acetate, dimethyl sulfoxide, N.N-dimethylformamide, pyridine, etc., or a 
mixture thereof. 

The reaction temperature of this reaction is not critical and the reaction is usually carried out under from 
cooling to warming. 

10 

(D) Method D : 

The compound (X) or salts thereof can be prepared by reacting the compound (V) or salts thereof with 
the compound (IX) or salts thereof. 
75 Suitable salts of the compound (X) may be the same as those for the compound (I). 

Suitable salts of the compound (IX) may be the same as those for the compound (l-e). 

Suitable example of the compound (IX) may be oxalyl halide, in which the carboxy group may be 
protected by a conventional carboxy-protective group as mentioned above. 

This reaction can be carried out in the presence of a base as mentioned in Method C. 
20 This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as dioxane, acetonitrile, chloroform, dichloromethane, hexamethylphosphoramide, dich- 
loroethane, tetrahydrofuran, ethyl acetate, dimethyl sulfoxide, N.N-dimethylformamide, pyridine, etc., or a 
mixture thereof. 

The reaction temperature of this reaction is not critical and the reaction is usually carried out under from 
25 cooling to warming. 



(E) Method E : 

30 The compound (II) or salts thereof can be prepared by reacting the compound (X) or salts thereof with 
the compound (VIII). 

This reaction is usually carried out in a conventional solvent which does not adversely influence the 
reaction such as dioxane, acetonitrile, chloroform, dichloromethane, hexamethylphosphoramide, dich- 
loroethane, tetrahydrofuran, ethyl acetate, dimethyl sulfoxide, N.N-dimethylformamide, pyridine, benzene, 
35 toluene, xylene, etc., or a mixture thereof. 

The reaction temperature of this reaction is not critical and the reaction is usually carried out under from 
warming to heating. 

40 (F) Method F : 

The compound (XII) or salts thereof can be prepared by cyclizing the compound (ll-a) or salts thereof. 
Suitable salts of the compounds (ll-a) and (XII) may be the same as those for the compound (I). 
The method of cyclization and the reaction conditions (e.g. reaction temperature, solvent, etc.) are 
45 substantially the same, as those illustrated for cyclization reaction of the compound (II) in Process 1, and 
therefore are to be referred to said explanation. 



(G) Method G : 

50 

The compound (Xll-b) or salts thereof can be prepared by subjecting the compound (Xll-a) or salts 
thereof to removal reaction of the carboxy-protective group on R a . 

Suitable salts of the compound (Xll-a) may be the same as those for the compound (l-a). 
Suitable salts of the compound (Xll-b) may be the same as those for the compound (XII). 
55 The present reaction is usually carried out by a conventional method such as hydrolysis, reduction, and 
the like. 

The method of hydrolysis and reduction, and the reaction conditions (e.g. reaction temperature, solvent, 
etc.) are substantially the same as those illustrated for removal reaction of the carboxy-protective group of 
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the compound (l-a) in Process 2, and therefore are to be referred to said explanation. 

The present process includes within the scope thereof a case that the hydroxy-protective group on R 2 
and R 4 and/or imino-protective group of R 5 are removed at the same time during the reaction. 

5 

(H) Method H : 

The compound (Xll-d) or salts thereof can be prepared by subjecting the compound (Xll-c) or salts 
thereof to removal reaction of the hydroxy-protective group on R* . 
w Suitable salts of the compounds (Xll-c) and (Xll-d) may be the same as those for the compound (XII). 

This reaction is usually carried out by a conventional method such as hydrolysis, reduction and the like. 

The method of hydrolysis and reduction, and the reaction conditions (e.g. reaction temperature, solvent, 
etc.) are substantially the same as those illustrated for removal reaction of the carboxy-protective group of 
the compound (l-a) in Process 2. and therefore are to be referred to said explanation, 
rs In case that the hydroxy-protective group is tri(lower)alkylsilyl, the removal of this protective group can 
also be carried out in the presence of tetra(lower)alkylammonium fluoride (e.g. tetrabutylammonium fluoride, 
etc.). 

The present process includes within the scope thereof a case that the carboxy-protective group on R 1 
and/or amino-protective group(s) on R 12 and/or R 13 are removed at the same time during the reaction. 

20 

(I) Method I : 

The compound (Xll-e) or salts thereof can be prepared by subjecting the compound (XII) or salts 
25 thereof to removal reaction of the amino-protective group(s) on R 12 and/or R 13 . 

Suitable salts of the compound (Xll-e) may be the same as those for the compound (XII). 

This reaction is usually carried out by a conventional method such as hydrolysis, reduction, and the 

like. 

The method of hydrolysis and reduction, and the reaction conditions (e.g. reaction temperature, solvent, 
30 etc.) are substantially the same as those illustrated for removal reaction of the carboxy-protective group of 
the compound (l-a) in Process 2, and therefore are to be referred to said explanation. 

The present process includes within the scope thereof a case that the carboxy- and/or hydroxy- 
protective group(s) on R' and/or R 2 are removed at the same time during the reaction. 

The object compound (I) and pharmaceutical^ acceptable salts thereof of the present invention are 
35 novel and exhibit high antimicrobial activity, inhibiting the growth of a wide variety of pathogenic microor- 
ganisms including Gram-positive and Gram-negative microorganisms and are useful as antimicrobial agents. 

Now in order to show the utility of the object compound (I), the test data on antimicrobial activity of the 
representative compound of the compound (I) of this invention is shown in the following. 

40 

in vitro Antimicrobial Activity 



Test Method : 

45 

in vitro Antimicrobial Activity was determined by the two-fold agar-late dilution method as described 
below. 

One loopful of an overnight culture of a test strain in Try pti case-soy broth (10 s viable cells per ml) was 
streaked on heart infusion agar (Hl-agar) containing graded concentrations of the test compound, and the 
so minimal inhibitory concentration (MIC) was expressed in terms of ug/ml after incubation at 37° C for 20 
hours. 



Test Compound : 

55 

The compound of Example 12. 
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Test Result : 


Test Strain 


MIC 
(ug/ml) 


S. aureus 6 


< 0.025 



For therapeutic administration, the object compound (I) and the pharmaceutical^ acceptable salts 

ro thereof of the present invention are used in the form of conventional pharmaceutical preparation which 
contains said compound, as an active ingredient, in admixture with pharmaceutical^ acceptable carriers 
such as an organic or inorganic solid or liquid excipient which is suitable for oral, parenteral and external 
administration. The pharmaceutical preparations may be in solid form such as tablet, granule, powder, 
capsule, or liquid form such as solution, suspension, syrup, emulsion, lemonade, and the like. 

15 If needed, there may be included in the above preparations auxiliary substances, stabilizing agents, 
wetting agents and other commonly used additives such as lactose, stearic acid, magnesium stearate, terra 
alba, sucrose, corn starch, talc, gelatin, agar, pectin, peanut oil, olive oil, cacao butter, ethylene glycol, 
tartaric acid, citric acid, fumaric acid, and the like. 

While the dosage of the compound (i) may vary from and also depend upon the age, conditions of the 

20 patient, a kind of diseases, a kind of the compound (I) to be applied, etc. In general, amount between 1 mg 
and about 4,000 mg or even more per day may be administered to a patient. An average single dose of 
about 1 mg, 10 mg, 50 mg, 100 mg, 250 mg, 500 mg, 1000 mg, 20000 mg, of the object compound (I) of 
the present invention may be used in treating diseases infected by pathogenic microorganisms. 

The following Preparations and Examples are given for the purpose of illustrating this invention in more 

25 detail. 



Preparation 1 

30 



O 



35 




N 



. coo/V- 

40 

To a solution of 1-allyloxycarbonyl-3-hydroxymethylpyrrotidine (2.6 g) in acetone was added Jones 
reagent (1.25 N, 20 ml) at ambient temperature. After stirring for 1 hour, isopropyl alcohol (10 ml) was 
added thereto. The resulting precipitate was removed by filtration and the filtrate was evaporated in vacuo. 
The residue was dissolved in dichloromethane, dicyclohexylcarbodiimide (0.79 g), MeldrunVs acid (0.55 g), 
4-methylaminopyridine (0.47 g) to the solution at 0°C. After stirring for 24 hours at ambient temperature, 
the resulting precipitate was removed by filtration. The filtrate was washed with 1N hydrochloric acid and 
evaporated in vacuo. The residue was dissolved in a mixture of acetic acid (10 ml) and water (7 ml), and the 
mixture was refluxed for 1 hour. Evaporation of the solvent gave a residue, which was taken up into ethyl 
acetate. The solution was washed in turn with saturated sodium bicarbonate and brine, dried over 
magnesium sulfate, and evaporated. The residue was chromatographed on silica gel eluting with a mixture 
of n-hexane and ethyl acetate (2:1, V7V) to give 3-acetyl-1-allyloxycarbonylpyrrolidine (2.01 g). 
IR (CH2CI2) : 1680-1720 cm H 

NMR (CDCb, 5) : 1.9-2.2 (2H, m), 2.22 (3H, s), 3.0-3.9 (5H, m), 4.28-4.35 (2H, m), 5.10-5.20 (2H, m), 5.90- 
cc 6.10 (1H, m) 



Preparation 2-1 ) 
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To a solution of (2S)-1-allyloxycarbonyl-2-carboxypyrrolidine (10 g) in dichloromethane (100 ml) were 
added dicyclohexylcarbodiimide (9.8 g), Meldrum's acid (6.8 g) and 4-dimethylaminopyridine (5.8 g) at 
0°C. After stirring for 24 hours at ambient temperature, the resulting precipitate was removed by filtration. 
The filtrate was washed with 1 N hydrochloric acid solution, evaporated in vacuo. The residue was dissolved 
in a mixture of acetic acid (80 ml) and water (60 ml), and refluxed for 1 hour. Evaporation of the solvent 
gave a residue, which was taken up into ethyl acetate. The solution was washed in turn with saturated 
sodium bicarbonate and brine, dried over magnesium sulfate, and evaporated. The residue was chromatog- 
raphed on silica gel eluting with a mixture of n-hexane and ethyl acetate (2:1, V/V) to give (2S)-2-acetyl-1- 
ailyloxycarbonylpyrrolidine (4.1 g). 
IR (Neat) : 1690-1720 cm' 1 

NMR (CDCb, 5) : 1.78-2.00 (4H. m), 2.11, 2.19 (3H, each s), 3.42-3.69 (2H, m), 4.23-4.47 (1H, m), 4.48-4.62 
(2H, m), 5.18-5.40 (2H, m), 5.79-6.03 (1H, m) 



Preparation 2-2) 



To a solution of (2S,4R)-1-allyloxycarbonyl-4-t-butyldimethylsilyloxy-2-carboxypyrroiidine (15 g) in dich- 
loromethane (150 mi) were added dicyclohexylcarbodiimide (11.5 g), Meldrum's acid (8.0 g) and 4- 
dimethylaminopyridine (6.8 g) at 0°C. After stirring for 24 hours at ambient temperature, the resulting 
precipitate was removed by filtration. The filtrate was washed with 1N hydrochloric acid solution, and 
evaporated in vacuo. The residue was dissolved in a mixture of acetic acid (80 ml) and water (60 ml), and 
refluxed for 1 hour. Evaporation of the solvent gave a residue, which was taken up into ethyl acetate. The 
solution was washed in turn with saturated sodium bicarbonate and brine, dried over magnesium sulfate, 
and evaporated. The residue was dissolved in dimethylformamide (60 ml) and then imidazole (8.7 g) and t: 
butyldimethylsilyl chloride (8.7 g) were added thereto at ambient temperature. After stirring for 10 hour, the 
mixture was poured into water (200 ml), extracted with ethyl acetate (100 ml x 2), dried over magnesium 
sulfate and evaporated. The residue was chromatographed on silica gel eluting with a mixture of n-hexane 
and ethyl acetate (2:1, VA/) to give (2S,4R)-2-acetyl-1-allyloxycarbonyl-4-t-butyldimethylsilyloxypyrrolidine 
(10.6 g). 

IR (Neat) : 1700-1720 cm" 1 

NMR (CDCI3, 5) : 0.03 (6H, s), 0.92 (9H, s), 1.70-2.10 (2H, m), 2.06 t 2.14 (3H. each s), 3.25-3.60 (3H, m), 
4.23-4.61 (3H, m), 5.02-5.24 (2H, m), 5.68-6.00 (1H, m) 

The following compounds were obtained in substantially the same manner as that of Preparation 2-1). 



Preparation 2-3) 
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O 
II 



N-COO^N?^ 



IR (CH 2 CI 2 ) : 1680-1710 cm" 1 
NMR (CDCI3, 5) : 1.4-1.7 (2H, m), 1.8-2.0 (2H, m), 2.17 (3H, s), 2.3-2.6 (2H, m) t 2.7-3.0 (2H, m), 3.9-4.3 (2H, 
m), 4.58-4.61 (2H, m). 5.1-5.4 (2H, m), 5.8-6.0 (2H, m) 



Preparation 2-4) 



IR (Neat) : 1690-1710 cm" 1 

NMR (CDCfe. 5) : 1.4-2.2 (4H, m), 2.19 (3H, s), 2.4-2.6 (1H, m), 2.7-3.2 [2H, m), 3.8-4.3 (2H, rn), 4.50-4.60 
(2H, m), 5.2-5.4 (2H, m) f 5.8-6.1 (1H, m) 



To a solution of (3R,4R)-4-acetoxy-3-[(1 R)-1-t-butyldimethylsilyloxyethyl]-2-oxoazetidine (2.2 g) and 
triethylamine (1.1 ml) in dichloromethane (20 ml) was added trimethylsilyl trifluoromethanesulfonate (1.5 ml) 
at -60° C under nitrogen, and the mixture was stirred at 0° C for 30 minutes (Solution A). To a solution of 4- 
acetyl-1-allyloxycarbonylpyrrolidine (1.0 g) and triethylamine (0.71 mi) in dichloromethane (10 ml) was 
added trimethylsilyl trifluoromethanesulfonate (0.98 ml) at -60° C under nitrogen and the resulting mixture 
was stirred at 0°C for 30 minutes. To this mixture was added dropwise the Solution A at 0° C under 
nitrogen, and the mixture was stirred for additional 4 hours at 0° C. The reaction mixture was taken up into a 
mixture of ethyl acetate and water and the mixture was stirred at ambient temperature for 2 hours. After 
adjusting pH to around 6.5 with aqueous sodium hydrogen carbonate, the organic layer was separated, 
washed with brine, dried over magnesium sulfate and evaporated in vacuo. The residue was chromatog- 
raphed on silica gel eluting with a mixture of n-hexane and ethyl acetate (1:2, V/V) to give (3S,4R)-4-[2-(1- 
allyloxycarbonylpyrrolidin-3-yl)-2-oxoethyl]-3-[(1 R)-1 -t-butyldimethylsilyloxyethyl]-2-oxoazetidine (1 .2 g). 
IR (CH2CI2) : 1760, 1690-1710 cm" 1 

NMR (CDCI3, 5) : 0.1 (6H, s), 0.88 (9H, s), 1.22 (3H, d, J = 7Hz), 1.9-2.5 (2H, m), 2.7-3.0 (3H, m), 3.0-3.3 
(1H, m), 3.3-3.7 (4H, m), 3.8-4.4 (2H, m), 4.5-4.7 (2H, m), 5.0-5.4 (2H, m), 5.6-6.2 (1H, m), 6.26 (1H. br s) 
The following compounds were obtained in substantially the same manner as that of Preparation 3. 



Preparation 4-1) 




Preparation 3 



j^SiO 
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10 IR (CH 2 CI 2 ) : 1760, 1690-1710 cnr 



NMR (CDCb. 5) : 0.03 (6H. s), 0.91 (9H, s). 1.11-1.21 (3H. m), 1.69-2.30 (4K m), 2.41-3.00 (3H m) 3 39- 
3.65 (2H, m), 3.82-4.00 (1H, m). 4.02-4.41 (2H, m), 4.42-4.50 (2H, m), 5.08-5.38 (2H, m), 5.62-6.00 (1H, m) 



75 Preparation 4-2) 



OSi+ 




30 IR (CH2CI2) : 1760, 1690-1710 cm-' 

NMR (CDCI3, 5) : 0.03 (12H, s), 0.092 (18H, s), 1.12-1.22 (3H, m), 2.44-2.92 (3H, m), 3 35-3 61 (2H m) 
4.29-4.62 (3H. m). 5.1 1-5.30 (2H, m), 5.60-6.00 (1 H, m) ( 



35 Preparation 4-3) 



I 

+SiO 



40 



irX3~ C00 ' 




45 



50 



IR (CH2CI2) : 1750, 1690 cm' 1 

o«c R io DCl3 ' 5> : °'° 5 (6H> S) ' °- 9 ° (9H ' S)l 1 ' 15 (3H ' ^ = 6Hz), 1.44-1.56 (2H, m), 1.76-1.81 (2H m) 2 43- 
2.95 (6H, m), 3.82-4.13 (4H, m), 4.50-4.54 (2H, m), 5.11-5.27 (2H, m), 5.83-5.95 (1H, m), 6.05 (1H.br s) ' 



Preparation 4-4) 



55 
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IR (CH 2 CI 2 ) : 1755, 1690 cm" 1 
NMR (CDCI3, 5) : 0.02 (6H, s), 0.90 (9H, s), 1.14 (3H, d, J=6Hz), 1.2-2.0 (4H, m), 2.4-3.2 (6H, m), 3.7-4.2 
(4H, m), 4.4-4.6 (2H, m), 5.0-5.3 (2H, m). 5.7-6.2 (2H, m) 



Preparation 5-1) 

To a solution of trimethyisilylacetylene (17 ml) in tetrahydrofuran (100 ml) were added successively a 
solution of n-butyllithium in n-hexane (1.50 M, 81 ml) and a solution of 1-acetyl-4-piperidone (11.5 g) in 
tetrahydrofuran (15 ml) at -78* C. After stirring at -78 'C for 30 minutes, to the mixture was added acetic 

20 acid (5.0 ml) and the resultant mixture was taken up into a mixture of aqueous ammonium chloride (300 ml) 
and ethyl acetate (300 ml) at 0°C. The organic layer was separated and washed with brine, dried over 
magnesium sulfate. Evaporation of the solvent gave a crystalline which was collected by filtration, and 
washed with n-hexane to give 1-acetyl-4-hydroxy-4-(2-trimethylsilylethynyl)piperidine (14.48 g). 
IR (Nujol) : 3160, 1610 cm" 1 

25 NMR (CDCI3. 5) : 0.17 (9H, s), 1.50-2.22 (4H, m), 2.08 (3H, s). 2.53 (1H, s), 3.13-4.30 (4H, m) 



Preparation 5-2) 

To a solution of 1-acetyl-4-hydroxy-4-(2-trimethylsilylethynyl)piperidine (13 g) in a mixture of 
tetrahydrofuran (100 ml), water (25 ml) and N,N-dimethylformamide (10 drops) were added mercuric sulfate 
(1.6 g) and sulfuric acid (10 drops), and the resultant mixture was stirred at ambient temperature for 15 
hours. After adjusting pH to around 8 with sodium hydrogen carbonate, the reaction mixture was filtered 
with "f tonsil" (trademark, made by Floridin Co.) and the residue was washed with ethyl acetate and 
tetrahydrofuran. Filtrate and washings were combined and evaporated in vacuo, and the residue was 
dissolved in ethyl acetate, dried over magnesium sulfate. Evaporation of the solvent gave 1 ,4-diacetyl-4- 
hydroxypiperidine (8.75 g). 
IR (Nujol) : 3350, 1700, 1610 cm" 1 

NMR (CDCI3, 6) : 1.40-2.00 (4H, m), 2.15 (3H, s), 2.27 (3H, s), 2.80-3.30 (1H, br s), 3.30-4.20 (3H, m), 4.20- 
5.00 (1H, m) 



Preparation 5-3) 

45 i,4-Diacetyl-4-hydroxypiperidine (0.2 g) was dissolved in 1N hydrochloric acid (4 ml) and the solution 
was heated at 100° C for 15 hours. After cooling to 0° C, the reaction mixture was diluted with a mixture of 
tetrahydrofuran (10 ml) and water (10 ml). To the mixture was added dropwise at 0°C a solution of allyl 
chloroformate (0.15 ml) in tetrahydrofuran (2 ml) while adjusting pH to around 10 with aqueous potassium 
hydride. After stirring at 0° C for 30 minutes, the reaction mixture was diluted with a mixture of ethyl acetate 

50 and water. The organic layer was separated, washed in turn with water and brine, and dried over 
magnesium sulfate. Evaporation of the solvent gave a residue, which was chromatographed on silica gel (10 
g) eluting with a mixture of n-hexane and ethyl acetate (9:1-1:1, V/V) to give 4-acetyl-1-allyloxycarbonyl-4- 
hydroxypiperidine (0.26 g). 
IR (Neat) : 3420, 1690 cm" 1 

55 NMR (CDCI3, 5) : 1.20-1.63 (2H, m), 1.75-2.15 (2H, m), 2.26 (3H, s), 3.00-3.45 (2H, m), 3.82 (1 H, br s), 3.96- 
4.33 (2H, m), 4.50-4.77 (2H, m), 5.10-5.50 (2H, m), 5.74-6.20 (1H, m) 
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70 



Preparation 5-4) 



**X ^IT^7%TT^*Z (02 9) in pyridine (4 -° ml > was added 

temperature for 1 hour and stirred J^T™ T T""* * Warm l ° ambient 
residue which was taken up into a mSu e oi l hyl ^^S"SL ™f ^ ^ ^ 3 
washed with brine, dried over maqnesium sulfate in ! ' 7 H ° rgan ' C layer was separated, 
silica gel (10 g) e.uting with ^mixture of n hta ne and "I , ^ r6SidUe ^ Chrom *°9- P hed «■ 
aHyioxycarbonyl-1,2.3,6-tetr a hydroS; ne °69 mg) ( ^ * 0 9iVe 4 " aCety| - 1 - 



Preparation 5-5) 



75 



m.) ?£22^L^^ d-33 9 ) and triethylamine (1 .06 

stirring for 4 hours, a solution cT (3 4R> V^^mTTT^TT^ ^ * °' C " After 
(1.82 g) and zinc bromide (1 86 q in ethvl a ,tl f ■ ^"^""^y^'ytoxyethy^-oxoazeBdine 
20 mixture was stirred for 1 hour at o' c TZ rSSn ( » ' *" to the mixture ' and the resul ^ 

(200 ml) and water (200 ml) After adfustL oH 2 4 T" WW ^ UP int ° 3 mixture of eth W a ^tate 
layer was separated washed wUh Snl Si n aqUe ° US S ° diUm hydr ° 9en ca *°nate, the organic 

residue, which was '^^Z^V^Z 'ZZTZTl EVaP ° rati ° n ° f ^ S0,Vent « a 
acetate (9:1-3:7, V/V) to qive ?3S !4m 4 r? fi *?i ? u 9) 9 W " h 3 m,xture of n-hexane and ethyl 
(1R)-1-tlty ld imethy^ 
IR(CH 2 CI 2 ):3420, 1760, 1700 cm-' 



PH. m), 5,0-5.43 <2H. m 6.7^^ ^ ^ « ^ 3 55 1 J = 6H * 3 - 80 -- 3 » m), 4.46-4.70 



30 



(2H, m), 5.10-5.43 (2H, m), 5.70-6.20 (2H,' m)' 6.86 (1 H, m) 
Preparation 5-6) 



40 



45 



50 



~ t h^ 

Evaporation of the solvent gave T resTdue wWct^s ^Z^ ^T^ ° f Wat8r for 4 hours " 

residue was dissolved in £hk K SJ^\^ n ^o^!^r m evaporated in va ^°- The 

(0.58 ml) and thionyl chloride (0 42 m X-2C AfJ J on" added successiv ^y 2,6-lutidine 

was poured into a mixture of ethyf aTe ^ 000 m£Zd ,?„? ,? ** • 6 mlnuto8 ' the reaction mbrture 
6.5 with aqueous sodium hydrogen ebonite 2 omanf ' * 5 C " Afl8r 3djUStin9 pH t0 around 

over magnesium sulfate and evaonrS^ th!' the ° rganic layer was separated, washed with brine, dried 
(20 m„, and to tr, sotL w ^ * de9assed ^^methylformamide 

for 6 hours at ambient temperature the wat - tr 'f e t ny,phos P hine < 1 -29 9)- After standing 

and water (100 ml). The separated Z^^^T^^^L* * ^ acetato ml > 

carbonate, and brine, and dried over magnesfum sukte SLl T W '? * ater ' ac < ueous sodiu ™ hydrogen 



Preparation 6-1 ) 
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completion of the addition, the mixture was stirred for 30 minutes, at the end of which time a solution of 1- 
alIyloxycarbonyl-3-hydroxypyrrolidine (25 g) in methylene chloride (125 ml) was added beiow -50° C. The 
mixture was stirred at the same temperature for 1 hour and, then, triethylamine (101 ml) was added at a 
temperature below -50 °C. The mixture was further stirred at that temperature for 1 hour. Thereafter, the 

5 temperature was allowed to rise gradually to room temperature and the reaction mixture was diluted with 
water and allowed to stand. The aqueous layer was then separated and extracted with 2 portions of 
methylene chloride. The organic layers were combined, washed with 1N hydrochloric acid, saturated 
aqueous sodium hydrogen carbonate solution, water and aqueous sodium chloride solution successively, 
and dried over anhydrous magnesium sulfate. Finally the solvent was distilled off under reduced pressure to 

10 give 1-allyloxycarbonyl-3-oxopyrrolidine (24.5 g). 
IR (Neat) : 1760, 1700, 1650 cm" 1 

NMR (CDCIa, 5) : 2.60 (2H, t, J = 8Hz), 3.80 (2H, s), 3.83 (2H, t, J = 8Hz), 4.61 (2H, dt, J = 5 and 1Hz), 5.10- 
5.45 (2H, m), 5.70-6.15 (1 H, m) 

75 

Preparation 6-2) 

To a solution of trimethylsilyiacetyiene (16.3 ml) in tetrahydrofuran (100 ml) were added successively a 
solution of n-butyliithium in n-hexane (1.50M, 70 ml) and a solution of 1-allyloxycarbonyl-3-oxopyrrolidine 

20 (15 g) in tetrahydrofuran (15 ml) at -50 ° C. After stirring at -50° C for 1 hour, to the mixture was added a 
mixture of aqueous ammonium chloride and ethyl acetate at 0° C. The organic layer was separated and the 
aqueous layer was extracted with ethyl acetate twice. The organic layers were combined washed with 1N 
hydrochloric acid, water and brine successively and dried over magnesium sulfate. Evaporation of the 
solvent in vacuo gave 1-allyloxycarbonyl-3-hydroxy-3-trimethylsilylethynylpyrrolidine (19.5 g). 

25 IR (Neat) : 1700, 1640, 1610 cm" 1 

NMR (CDCI 3 , 5) : 0.18 (9H, s), 2.16 (2H, t, J = 7Hz), 2.52 (1H, br s), 3.57 (2H, t, J = 7Hz), 3.61 (2H, s), 4.57 
(2H, dt, J = 5 and 1Hz), 5.05-5.40 (2H, m), 5.70-6.15 (1H, m) 



30 Preparation 6-3) 

To a solution of 1-allyloxycarbonyl-3-hydroxy-3-trimethylsilylethynyipyrrolidine (18.0 g) in pyridine (180 
ml) was added dropwise thionyi chloride (29 ml) below 20 °C. The resultant mixture was stirred for 1 hour 
and slowly poured into cooled water. The solution was extracted three times with n-hexane. The extracts 
35 were combined, washed with 1N hydrochloric acid (4 times), saturated aqueous sodium hydrogen car- 
bonate, water and brine successively, dried over magnesium sulfate and evaporated. The residue was 
chromatographed on silica gel to give 1-allyloxycarbonyl-3-trimethylsilylethynyl-3-pyrroline (7.25 g). 
IR (Neat) : 2170, 1755, 1700. 1645 cm" 1 

NMR (CDCI 3) 5) : 0.22 (9H, s), 3.50-4.40 (2H, m), 4.23 (2H, s), 4.62 (2H, d, J = 6Hz), 5.10-5.50 (2H, m), 5.70- 
40 6.30 (2H, m) 



Preparation 6-4) 

45 A solution of l-allyloxycarbonyl-3-trimethylsilylethynyl-3-pyrroline (7.60 g), mercuric sulfate (0.9 g) and 
sulfuric acid (5 drops) in a mixture of tetrahydrofuran (76 ml) and water (23 ml) was stirred at room 
temperature overnight. After confirming the disappearance of the starting material, to the mixture were 
added saturated aqueous sodium hydrogen carbonate and ethyl acetate. The aqueous layer was extracted 
with ethyl acetate twice, and the combined organic layer was washed with IN hydrochloric acid, saturated 

so aqueous sodium hydrogen carbonate, water and brine successively, dried over magnesium sulfate. 
Evaporation of the solvent gave 1-allyloxycarbonyl-3-acetyl-3-pyrroline (2.3 g). 
IR (Neat) : 1760, 1700, 1630 cm' 1 

NMR (CDCI3, 5) : 2.36 (3H, s), 4.40 (4H, m), 4.60 (2H, dt, J =6 and 1Hz), 5.08-5.45 (2H, m), 5.70-6.15 (1H, 
m), 6.62 (1H, m) 



Preparation 6-5) 
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(3S,4R)-4-[2-(1 -Ally loxycarbonyl-3-pyrrolin-3-yl)-2-oxoethyl]-3-t(1 R)-1-t-buty ldimethylsilyloxyethyl]-2- 
oxoazetidine was obtained in 58.2% yield in substantially the same manner as that of Preparation 5-5). 
IR (CHCI 3 ) : 3420, 1755, 1700, 1630 cm" 1 

NMR (CDCb, 5) : 0.08 (6H, s), 0.87 (9H, s), 1.20 (3H, d, J = 7Hz), 2.6-3.30 (3H, m), 3.80-4.50 <6H, m), 4.59 
5 (2H, d, J = 6Hz), 5.03-5.40 (2H, m), 5.60-6.15 (2H, m). 6.62 (1H, m) 



Preparation 6-6) 

to Allyl 2-[(3S,4R)-4-{2-(1 -allyioxycarbony l-3-pyrrolin-3-y l)-2-oxoethyl}-3-{(1 R)-1 -t- 

butyldimethylsilyloxyethyl}-2-oxoazetidin-1-yl]-2-triphenylphosphoranylideneacetate was obtained in 64.5% 
yield in substantially the same manner as that of Preparation 5-6). 
[This compound was immediately used as the starting material of Example 1-2).] 

75 

Preparation 7-1 ) 

3-Acetylpyridine (10 g), ethylene glycol (50 ml) and p-toluenesulfonic acid (0.5 g) were dissolved in 
toluene and the solution was refluxed at 150°C for 1 day with the by-product water being constantly 

20 removed. After cooling, saturated aqueous sodium hydrogen carbonate and toluene were added and the 
mixture was stirred and allowed to stand. The aqueous layer was separated and extracted with 2 portions of 
toluene. The toluene layers were combined, washed sequentially with saturated aqueous sodium hydrogen 
carbonate, water and aqueous sodium chloride solution, and dried over anhydrous magnesium sulfate. 
Finally the solvent was distilled off under reduced pressure to give 2-methyl-2-(pyridin-3-yl)-1 ,3-dioxolane 

25 (13.6 g). 

IR (neat): 2990, 2890, 1685 cm" 1 

NMR (CDCI3, 5): 1.67 (3H, s), 3.60-4.20 (4H, m), 7.05-7.40 (1H, m), 7.60-7.80 (1H, m), 8.45-8.80 (2H, m) 



30 Preparation 7-2) 

Benzyl bromide (9.8 ml) was added to a solution of 2-methyI-2-(pyridin-3-yl)-1 ,3-dioxolane (13.6 g) in 
acetone (140 ml) and the mixture was refluxed. After confirming the disappearance of the starting material, 
the acetone was distilled off under reduced pressure. The residue was dissolved in ethanol (140 ml) and 

35 while the solution was ice-cooled, sodium borohydride (3.12 g) was gradually added. After the mixture was 
stirred for 1 hour, water and ethyl acetate were added. The mixture was stirred and, then, allowed to stand. 
The aqueous layer was separated and extracted with 2 portions of ethyl acetate. The organic layers were 
combined, washed successively with saturated aqueous sodium hydrogen carbonate solution, water and 
aqueous sodium chloride solution, and dried over anhydrous magnesium sulfate. Finally the solvent was 

40 distilled off under reduced pressure to give 2-(1-benzyl-1,2,5,6-tetrahydropyridin-3-yl)-2-methyl-1 ,3-di- 
oxolane (7.86 g). 
IR (neat): 2900, 1740 cm" 1 

NMR (CDCb. 5): 1.43 (3H. s), 1.90-2.30 (2H, m), 2.48 (2H, t, J = 6 Hz), 2.95 (2H, s), 3.57 (2H, s), 3.70-3.95 
(4H, m), 5.83 (1H, m), 7.23 (5H, s) 

45 

Preparation 7-3) 

To a solution of 2-(1-benzyl-1,2,5,6-tetrahydropyridin-3-yl)-2-methy 1-1 ,3-dioxolane (7.8 g) in toluene (70 
so ml) was added allyl chloroformate (3.9 ml) and the mixture was stirred at 60* C for 30 minutes. The reaction 
mixture was then concentrated and the residue was purified by column chromatography to give 2-(1- 
allyloxycarbonyl-1 ,2,5,6-tetrahydropyridin-3-yl)-2-methyl-l ,3-dioxolane (6.95 g). 
IR (neat): 2900, 1700 cm" 1 

NMR (CDCI3, 5): 1.47 (3H, s), 2.00-2.30 (2H, m), 3.47 (2H, t, J =6 Hz), 3.70-4.00 (6H, m), 4.50-4.65 (2H, m), 
55 5.03-5.35 (2H, m), 5.75 (1H, t, J = 6 Hz), 5.83-6.05 <1H, m) 



Preparation 7-4) 

32 
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To a solution of a^l-allyloxycarbonyl-l^^^-tetrahydropyridin-S-yl^-methyl-l ,3-dioxolane (6.95 g) in 
acetone (140 ml) was added p-toluenesulfonic acid dihydrate (523 mg) at room temperature and the mixture 
was stirred at the same temperature for 1 hour. Then, saturated aqueous sodium hydrogen carbonate 
solution was added for neutralization of the acid and the reaction mixture was concentrated under reduced 

5 pressure. The concentrate was diluted with ethyl acetate and water, followed by stirring, and the aqueous 
layer was separated and extracted with 2 portions of ethyl acetate. The organic layers were combined, 
washed successively with saturated aqueous sodium hydrogen carbonate solution, water and aqueous 
sodium chloride solution, and dried over anhydrous magnesium sulfate. The solvent was then distilled off 
under reduced pressure and the residue was purified by column chromatography to give 1-allyloxycarbonyl- 

70 3-acetyl-1 ,2,5,6-tetrahydropyridine (4.43 g). 
IR (neat): 1700, 1670 cm" 1 

NMR (CDCI 3 , 5): 2.30 (3H, s), 2.15-2.50 (2H, m), 3.52 (2H, t, J =6 Hz), 4.15 (2H. m), 4.57 (2H, dt, J = 6, 1 
Hz), 5.05-5.37 (2H, m), 5.60-6.13 (1H, m), 6.92 (1H, m) 

75 

Preparation 7-5) 

1 -Allyloxycarbonyi-3-acetyl-1 ,2,5,6-tetrahydropyridine (4.4 g), (3R,4R)-4-acetoxy-3-[(1 R)-1 -tert- 
butyldimethylsilyloxyethyl]-2-oxoazetidine (6.6 g) and triethylamine (6.9 ml) were dissolved in methylene 

20 chloride and the solution (44 ml) was cooled to -50* C. To this cooled solution was gradually added 
trimethylsilyl trifluoromethanesuifonate (10.6 ml). After completion of the dropwise addition, the mixture was 
stirred at the same temperature for 15 minutes. The temperature was then allowed to rise gradually to 0 # C, 
at which temperature the reaction mixture was stirred for 1 hour to complete the reaction. This reaction 
mixture was diluted with ethyl acetate and water and stirred at room temperature for 1 hour. The aqueous 

25 layer was separated and extracted with 2 portions of ethyl acetate. The organic layers were combined, 
washed successively with 1N hydrochloric acid, saturated aqueous sodium hydrogen carbonate, water and 
aqueous sodium chloride solution, and dried over anhydrous magnesium sulfate. The solvent was then 
distilled off under reduced pressure and the residue was purified by column chromatography to give 
(3S,4R)-4-[2-(1 -allyloxycarbonyl-1 ,2,5,6-tetrahydropyridin-3-yl)-2-oxoethyl]-3-[(1 R-1 -tert- 

30 butyldimethylsilyloxyethyl]-2-oxoazetidine (8.73 g). 
IR (CHCI3): 3440, 1760, 1695, 1650 cm' 1 

NMR (CDCb, 5): 0.08 (6H, s), 0.88 (9H, s), 1.22 (3H, d, J = 6 Hz), 2.25-2.88 (2H, m), 2.70-3.10 (3H, m), 3.53 
(2H, t, J = 6 Hz), 3.83-4.30 (4H, m), 4.56 (2H, dt J =6, 1 Hz), 5.05-5.40 (2H, m), 5.65-6.07 (1H, m), 6.10 (1 H, 
br. s), 6.93 (1H, m) 

35 

Preparation 8-1) 

A methylene chloride solution (200 ml) of dimethyl sulfoxide (15.1 ml) was cooled to -70° C and oxalyl 
40 chloride (19.3 ml) was added thereto below -50 ° C. The mixture was stirred for 15 minutes, at the end of 
which time a solution of (2S,4R)-1-allyloxycarbonyl-4-hydroxy-2-methoxycarbonyipyrrolidine (16.3 g) in 
methylene chloride was added below -50 *C. The mixture was stirred at the same temperature for 1 hour 
and, then, triethylamine (50 ml) was added at a temperature below -50° C. The mixture was further stirred at 
that temperature for 30 minutes. Thereafter, the temperature was allowed to rise gradually to room 
45 temperature and the reaction mixture was diluted with water and allowed to stand. The aqueous layer was 
then separated and extracted with 2 portions of methylene chloride. The organic layers were combined, 
washed with 1N hydrochloric acid twice and, then, with saturated aqueous sodium hydrogen carbonate 
solution, water and aqueous sodium chloride solution successively, and dried over anhydrous magnesium 
' sulfate. Finally the solvent was distilled off under reduced pressure to give (2S)-1-allyloxycarbony!-2- 
50 methoxycarbonyl-4-oxopyrrolidine (15.5 g). 
IR (neat): 1760, 1705 cm" 1 

NMR (CDCb, 8): 2.55 (1H, dd, J = 18, 4 Hz), 2.97 (1H, dd, J = 18, 10 Hz), 3.74 (3H, s), 3.92 (2H, s), 4.60 (2H, 
d, J = 5 Hz), 4.80 (1H, dd, J = 10, 4 Hz), 5.05-5.40 (2H, m), 5.60-6.10 (1H, m) 

55 ■ 
Preparation 8-2) 

To a solution of trimethylsiiylacetylene (5 g) in tetrahydrofuran (60 ml) was added n-buty (lithium (32 ml) 
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£2 £ of JE.'SrrS °H th ; f ° PWiSe additi ° n ' ^ - ««- ^ -50- C 

then, diluted with saturated aqueous Lmonfum rhfnr h! ^ ♦ The j m,xture was birred for 1 hour and, 
aqueous layer was separated and exL c Te7w th Pth ! f °" ^ etM aCetate ' After sta ^ing. the 
washed successively withTw hy d ^ 0 'c 2 Tl r IT ' ^ ° r9aniC W9re COm " ined ' 

water and aqueous sodium chiSS^Hon an h i T S ° dium hydr °9 en carb0 ^ solution. 

so«v e n« was distil.ed off unlZlZ^Z^ Ze" aZ, 'h™! M ' Rna,ly the 

trimethylsilylethynylpyrrolidine (8.26 g). 9 1 - al| y ,0 *ycarbonyl-4-hydroxy-2-methox y carbonyl-4. 

IR (neat): 3400, 2180, 1760, 1700 cm-' 



• i • • vrw, if I I 

eT„ ( S D *- * 0 ' 2 ,9H ' * 2 ' 20 - 2 - 60 < 2H ' "* «> "* (3H, 5 .00. S35 (2 H, m >, 5 , 5 . 



s Preparation 8-3) 



layers were combined, washed w^sa^ ^ 3Cetate twice - The "9™ 

further with water and aqueous sodlumthToSe so «o t^T^ S^"** **" "« 

sium sulfate. Finally the solvent was distilled off i.nHp, ! V ' 8r anh y drou s magne- 

™thoxycarbon y i-4-trimethylsily.e^ reduced P««"« *o give 1-al.yloxycarbony.-2- 

IR (neat): 2170, 1750, 1720 cm" 1 

NMR <C0C,, * 0,0 (9 „. s , 372 (3H . s , ««, {2H . m) , 435 . 470 (3H , m) , ^ ^ ^ ^ 



Preparation 8-4) 



(713 mg) while the internal temperature ^SS^StS^fo'c tZT* ^ bor ^^ 

minutes and, then, at room temoeraturp w „„« iT A » Xture was stirred at 5 c f °r 30 

addition of a smal amount acSc a^d le 1^' T deCOm P° sition ° f *e sodium borohydride with 
aqueous layer was extract ^ 

successively with 1N hydrochloric acrt sL^lTJ^ , ' ayerS WSre com bined, washed 

aqueous sodium chloriL solution and S ^ over anhvH " m hydr ° 9en Carb ° natS SOlution " water a " d 
distilled off under reduced pressur To h iS, anhydrous ™9 nes '"™ sulfate. The solvent was then 
mercuric sulfate (280 mg) and sX "c acid (2 S^J^H f ^rahydrofuran (26 ml), water (5 ml ), 
day. After completion of the reaction slfJ7™ U? 0 *"* W3S Stirr6d at room temperature for 

acetate were added. The aqueous S °' Ution and «** 
organic layers were combined, Z^J^Z^IS^ T?" ^ 3Cetate twice " The 
hydrogen carbonate solution water anS ZZT.T * ydr ° Cnlonc acid - s ^*e* aqueous sodium 

"'•0ne*m«lif«taRnrtlyS^^3^^^ ,, h ! S0 ' Uti ° n ' ^ dried ° VSr anhydrous 
acety.-2-h y droxymethyl-3-pyrroHne (2 50 g) PreSSUrS to give 1- a »y'oxycarbonyl-4- 

^TS^bTh.^ ^ (2H - "* (2H ' * J = 6 - 1 «B (1H, m), 5,0-5.45 



Preparation 8-5) 
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aqueous sodium chloride solution, and dried over anhydrous magnesium sulfate. Finally the solvent was 
distilled off under reduced pressure to give 1-allyloxycarbonyl- 4-acetyl-2-tert-butyldimethylsilyloxymethyl-3- 
pyrroline (1.45 g). 
IR (neat): 1700, 1670 cm" 1 

5 NMR (CDC1 3 , S): 0.04 (6H, s). 0.87 (9H, s), 2.15 (3H, s), 3.70-4.00 (2H, m), 4.15-4.40 <2H, m) f 4.57 (2H, d, 
J = 5 Hz), 4.75 (1H, m), 5.00-5.40 (2H, m), 5.60-6.10. (1H, m), 6.60 (1H, m) 



Preparation 8-6) 

70 

In substantially the same manner as described in Preparation 5, (3S,4R)-4-[2-(1-allyloxycarbonyl-2-tert- 
butyldimethylsilyloxymethyl-3-pyrrolin^ 
oxoazetidine was obtained. 
IR (CHCI3): 3410, 1750, 1695, 1670, 1625 cm" 1 
is , NMR (CDCI3. 5): 0.08 <3H, s). 0.12 (3H, s), 0.90 (9H, s), 1.25 (3H, d, J =7 Hz), 2.70-3.30 (3H, m), 3.70-4.45 
(6H, m), 4.61 (2H, d, J = 5 Hz), 4.80 (1H, m), 5.10-5.45 (2H, m), 5.70-6.20 (1H, m), 6.10 (1H, m), 6.65 (1H, 
m) 



20 Preparation 9-1) 

To a solution of oxalyl chloride (5.8 ml) in dichloromethane (100 ml) were added dropwise dimethyl 
sulfoxide (9.44 ml), a solution of 1-benzyl-4-(1-hydroxyethyl)-1 ,2,3,6-tetrahydropyridine (13.7 g) in dich- 
loromethane (30 ml) and triethylamine (44.2 ml) under nitrogen atmosphere at -70 ° C. Then, the reaction 

25 mixture was allowed to warm at ambient temperature and precipitate was filtered off. The filtrate was 
concentrated in vacuo and the residue was dissolved in a mixture of ethyl acetate (200 ml) and water (100 
ml). The organic layer was separated, washed with brine (100 ml), dried over magnesium sulfate. 
Evaporation of the solvent gave a residue, which was chromatographed on silica gel (350 ml) eluting with a 
mixture of hexane and ethyl acetate (1:1, V/V) to give 4-acetyi-1-benzyl-1 ,2,3,6-tetrahydropyridine (9.63 g). 

30 IR (Nujol) : 1740, 1670 cm" 1 

NMR (CDCI3, 5) : 2.27 (3H, s), 2.26-2.71 (4H, m), 3.13-3.23 (2H, m) f 3.61 (2H, s), 6.67-6.82 (1H, m), 7.29 
(5H, s) 



35 Preparation 9-2) 

To a solution of 4-acetyM-benzyM ,2,3,6- tetrahydropyridine (9.63 g) and benzyloxycarbonyl chloride 
(9.06 ml) in toluene was heated at 85* C for 8 hours. After the solvent was removed in vacuo, the residual 
solution was dissolved in ethyl acetate (100 ml), washed with saturated aqueous sodium hydrogen 

40 carbonate (100 ml x 3) and brine (100 ml) successively. The organic layer was separated, dried over 
magnesium sulfate and concentrated in vacuo to give an oil, which was chromatographed on silica gel (500 
ml) eluting with a mixture of hexane and ethyl acetate (1:1, V/V) to give 4-acetyl-1-benzyloxycarbonyl- 
1,2,3,6-tetrahydropyridine (10.2 g). 
IR (Nujol) : 1760, 1680-1715 cm" 1 

45 NMR (CDCI3, 6) : 2.31 (3H, s), 2.30-2.45 (2H, m), 3.58 (2H, t, J = 5.8Hz), 4.18-4.23 (2H, m), 5.16 (2H, s), 6.7- 
6.83 (1H, m), 7.30 (5H, s) 



Preparation 9-3) 

50 

To a solution of (3R,4R)-4-acetoxy-3-t(1R)-1-t-butyldimethylsilyloxyethyl]-2-oxoazetidine (3.96 g) and 
triethylamine (2.03 ml) in dichloromethane (60 ml) was added dropwise trimethylsilyl trifluoromethanesul- 
fonate (3.5 ml) at -70 "C under nitrogen atmosphere. To this solution was added dropwise at -70 C a 
reaction mixture, which had been prepared by stirring a solution of 4-acetyl-1-benzyloxycarbonyl-1 ,2,3,6- 
55 tetrahydropyridine (3.268 g), triethylamine (1 .94 ml) and trimethylsilyl trifluoromethanesulfonate (2.6 ml) in 
dichloromethane at -70 °C under nitrogen atmosphere. After the mixture was warmed to ambient tempera- 
ture, the mixture was stirred for 2 hours. The reaction mixture was poured into a mixture of ethyl acetate 
(200 ml) and water (100 ml), and the solution was stirred for 30 minutes. The organic layer was separated, 

35 
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washed with brine (100 ml), dried over magnesium sulfate and concentrated to give an oil, which was 
chromatographed on silica gel (300 ml) eluting with a mixture of hexane and ethyl acetate (2:1-1:5, V/V) to 
give (3S,4R)-4-[2-(1-benzyloxycarbonyl-1,2,3,6-tetrahydropyrid^ 
silyloxyethyl]-2-oxoazetidine (4.65 g). 
5 IR (Nujol) : 1740-1760, 1670-1710 cm" 1 

NMR (CDCI 3 , 5) : 0.07 (6H t s). 0.87 (9H, s). 1.22 (3H, d. J = 6Hz), 2.27-2.38 (2H, m), 2.70-2.92 (2H, m), 3.00- 
3.21 (1H, dd, J = 17, 3Hz), 3.60 (2H, m), 3.92-4.23 (4H. m), 5.16 (2H, s), 6.18 (1H, s), 6.66-6.77 (1H, m), 7.32 
(5H, s) 

70 

Preparation 9-4) 

To a solution of (3S,4R)-4-[2-(1-benzyloxycarbonyl-1 ,2,3,6-tetrahydropyridin-4-yl)-2-oxoethyl]-3-[(1 R)-1-t- 
butyldimethylsilyloxyethyl]-2-oxoazetidine (4.65 g) in acetonitrile (25 ml) was added dropwise boron 

15 trifluoride ether complex (2.6 ml) at 0°C, and the mixture was stirred for 1 hour. Sodium hydrogen 
carbonate (5 g) was added to the reaction mixture, followed by stirring for 30 minutes, and then precipitate 
was filtered off. Filtrate was dissolved in ethyl acetate (100 ml), washed in turn with water (50 ml) and brine 
(50 ml), dried over magnesium sulfate. Evaporation of the solvent in vacuo gave (3S,4R)-4-[2-(1- 
benzyloxycarbonyl-1 ,2,3,6-tetrahydropyridin-4-yl)-2-oxoethyl]-3-[(1 R)-1-hydroxyethyl]-2-oxoazetidine (3.6 g). 

20 IR (Nujol) : 3200-3400, 1670-1750 cm" 1 

NMR (CDCI3, 5) : 1.32 (3H, d, J = 7Hz), 2.24-2.40 (2H, m), 2.74-3.13 (4H, m), 3.49-3.64 (2H, m), 3.83-4.27 
(4H, m), 5.15 (2H, s), 6.40-6.50 <1H, br s), 6.67-6.86 (1H, m), 7.33 (5H, s) 



25 Preparation 9-5) 

To a solution of (3S,4R)-4-[2-(1-benzyloxycarbonyl-1 ,2,3,6-tetrahydropyridin-4-yl)-2-oxoethyl]-3-[(1R)- 1- 
hydroxyethyI]-2-oxoazetidine (3.59 g) and pyridine (3.9 ml) in dichloromethane (35 ml) was added dropwise 
trimethylsilyi chloride (1.42 ml) at -70*0 under nitrogen atmosphere and the mixture was stirred for 1 hour. 

30 To this solution was added dropwise at -70 °C a reaction mixture of oxalyl chloride (1.26 ml) and 4- 
nitrobenzyl alcohol (2.3 g) in dichloromethane (10 ml) at 0°C, which solution was stirred for additional 1 
hour. The reaction mixture was poured into a mixture of ethyl acetate (70 ml) and water (40 ml). The 
organic layer was separated, washed with water (50 ml) containing acetic acid (550 ut), and brine (50 ml) 
successively, and then dried over magnesium sulfate. Evaporation of the solvent gave a residue, which was 

35 chromatographed on silica gel (250 ml) eluting with a mixture of hexane and ethyl acetate (1:1, V/V) to give 
4-nitrobenzyl 2-[(3S,4R)-4-{2-(1 -benzyloxycarbonyl-1 ,2,3,6-tetrahydropyridin-4-yi)-2-oxoethyl}-3-{(1 R)-1- 
trimethylsilyloxyethyl}-2-oxoazetidin-1 -yl]-2-oxoacetate (4.73 g). 
IR (Nujol) : 1800, 1750, 1660-1710 cm" 1 

NMR (CDCb, 5) : 0.04 (9H, s), 1.18 (3H, d, J = 7Hz), 2.29-2.38 (2H, m), 3.00-3.20 (2H, m), 3.51-3.62 (2H, m), 
40 4.06-4.31 (3H, m), 4.56-4.64 (1H, m), 5.15 <2H, s), 5.40 (2H, s), 6.73-6.83 (1H, m), 7.35 (5H, s), 7.55-7.60 
(2H, m), 8.21-8.28 (2H, m) 



Preparation 10-1) 



To a solution of (R)-3-hydroxypyrrolidine hydrochloride (20 g) in a mixture of 1 ,4-dioxane (200 ml) and 
water (200 ml) were added triethylamine (49.6 ml) and di-t-butyl dicarbonate (38.9 g) at 0° C. After stirring 
for 12 hours at ambient temperature, the mixture was evaporated in vacuo. The residue was extracted with 
ethyl acetate, and the organic solution was washed with brine and dried over magnesium sulfate. The 
50 solvent was evaporated to give (R)-1-t-butoxycarbonyl-3-hydroxypyrrolidine (32 g). 
IR (Neat) : 3400, 1660-1680 cm" 1 

NMR (CDCI3, 5) : 1.46 <9H, s), 1.8-2.0 (2H, m), 2.3-2.4 (1H, m), 3.2-3.5 (4H, m) 



55 Preparation 10-2) 

To a solution of (R)-1-t-butoxycarbonyl-3-hydroxypyrrolidine (32 g) in dichloromethane (300 ml) were 
added triethylamine (28.6 ml) and then methanesuifonyi chloride (14.6 ml) under nitrogen at -10° C. After 
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stirring at 0°C for 30 minutes, the solution was washed in turn with water, 1 N-hydrochloric acid solution, 
saturated sodium bicarbonate, and brine. The dried solution was evaporated to give (R)-l-t-butoxycarbonyl- 
3-methanesulfonyloxypyrrolidine (45 g). 
1R (CH 2 CI 2 ) : 1690 cm" 1 
5 NMR (CDCb, 5) : 1.47 (9H, s), 2.9-2.42 (2H, m), 3.00 (3H, s), 3.35-3.75 (5H, m) 



Preparation 10-3) 

10 To a solution of (R)-1-t-butoxycarbonyl-3-methanesulfonyloxypyrro!idine (20 g) in dimethyl sulfoxide 
(200 ml) was added sodium benzoate (22 g) under nitrogen. After stirring at 100°C for 1 hour, the solution 
was taken up into a mixture of ethyl acetate and water. The organic layer was separated, and washed with 
water and brine successively. The dried solvent was evaporated to give (S)-3-benzoyloxy-1-t-butoxycar- 
bonylpyrrolidine (22 g). 

75 IR (CH2CI2) : 1725, 1690 cm" 1 

NMR (CDCb, 5) : 1.48 <9H, s), 2.18-2.31 (2H, m), 3.52-3.67 (4H, m), 7.40-7.61 (3H, m), 8.00-8.14 (2H, m) 



Preparation 10-4) 

20 

To a solution of (S)-3-benzoyloxy-1-t-butoxycarbonylpyrrolidine (21 g) in methanol (210 ml) was added 
28% sodium methoxide in methanol solution (18 ml) under nitrogen at -10° C. After stirring at 0*C for 2 
hours, acetic acid (4.95 ml) was added thereto and the mixture was evaporated. The residue was extracted 
with ethyl acetate and the extract was washed with water and brine successively. The dried organic solvent 
25 was evaporated to give (S)-1-t-butoxycarbonyl-3-hydroxypyrrolidine (19.0 g). 
IR (Neat) : 3400, 1690 cm" 1 

NMR (CDCb, 5) : 1.46 (9H, s), 1.8-2.0 (2H, m), 2.3-2.4 (1H, m), 3.2-3.5 (4H, m) 



30 Preparation 10-5) 

(S)-1-t-Butoxycarbonyl-3-methanesulfonyloxypyrrolidine was obtained in 88.4% yield in substantially the 
same manner as that of Preparation 10-2). 
IR (Neat) : 1690 cm" 1 
35 NMR (CDCb, 5) : 1.47 (9H, s), 2.01-2.42 (2H, m), 3.04 (3H, s), 3.55-3.75 (5H, m) 



Preparation 10-6) 

40 (R)-1-t-Butoxycarbonyl-3-cyanopyrrolidine was obtained in 48.0% yield in substantially the same man- 
ner as that of Preparation 11-1). 
IR (Neat) : 2225, 1690 cm" 1 

NMR (CDCb, a) : 1.46 (9H, s), 1.88-2.43 (2H, m), 2.98-3.29 (1H, m), 3.27-3.80 (4H, m) 

45 

Preparation 10-7) 

(R)-1-Allyloxycarbonyl-3-carboxypyrrolidine was obtained quantitatively in substantially the same man- 
ner as that of Preparation 11-2). 
so IR (CH 2 CI 2 ) : 1690-1710 cm" 1 

NMR (CDCb, 5) : 2.00-2.32 (2H, m), 2.88-3.30 <1H, m), 3.32-3.81 (4H, m), 4.53 (2H, d, J = 6Hz), 5.02-5.49 
<2H, m), 5.62-6.19 (1H, m) 



55 Preparation 10-8) 

(R)-3-Acetyl-1-allyloxycarbonylpyrrolidine was obtained in 65.7% yield in substantially the same manner 
as that of Preparation 2-1 ). 
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IR (Neat) : 1690-1710 cm" 

NMR (CDCb, 5) : 2.20 (3H, s), 1.89-2.30 (2H, m), 2.85-3.70 (5H, m), 4.45-4.66 (2H, m), 5.02-5 49 (2H m) 
5.61-6.17 (1H, m) \ > h 

Preparation 10-9) 

(3S,4R)-4-[2-{(3R)-1-Allyloxycarbonylpy^ 
2-oxoazetid.ne was obtained in 48.0% yield in substantially the same manner as that of Preparation 3 
IR (CH2CI2) : 3270, 1760, 1710 cm"' 

NMR (CDCI3, 5) : 0.07 (6H, s), 0.87 (9H, s). 1.20-1.29 (3H, m), 2.04-2.21 (2H, m), 2.67-3.30 (4H m) 3 41- 
3.80 (4H, m), 3.90-4.23 (2H, m), 4.57-4.60 (2H, m), 5.18-5.34 (2H. m). 5.87-6.03 (1H, m). 6.17 (1H,'br s) " 

Preparation 11-1) 

,on/° 9 Solution of < R )- 1 - t - but o x ycarbonyl-3-methanesulfonyloxypyrrolidine (20 g} in dimethyl sulfoxide 
(200 ml) was added sodium cyanide (11 g) at ambient temperature under nitrogen. After stirring at 100° C 
under nitrogen for 1 hour, the solution was taken up into a mixture of ethyl acetate and water. The organic 
layer was separated, and washed with water and brine successively. The dried solvent was evaporated and 
the residue was chromatographed on silica gel eluting with a mixture of n-hexane and ethyl acetate '{21 
VA/) to give (S)-1-t-butoxycarbonyl-3-cyanopyrrolidine (9.0 g). 
IR (Neat) : 2255, 1690 cm"' 

NMR (CDCb, 5) : 1.46 (9H, s), 2.00-2.40 (2H, m), 2.98-3.31 (1H, m), 3.31-3.80 (4H, m) 
Preparation 11-2) 

After a solution of (SM-t-butoxycarbonyl-3-cyanopyrrolidine (8.0 g) in a mixture of acetic acid (60 ml) 
and cone, hydrochloric acid (60 ml) was stirred for 3 hours at 100° C, the solvent was evaporated in vacuo 
The residue was dissolved in a mixture of water (80 ml) and tetrahydrofuran (80 ml). To the solution was 
dropw.se added allyl chloroformate (4.7 ml) at O'C while adjusting pH to 8.5 with 30% aqueous sodium 
hydroxide solution. After stirring for 10 minutes, the. solution was adjusted to pH 2.0 with 1 N-hydrochloric 
acid. The mixture was extracted with ethyl acetate and then the organic layer was washed with brine and 
dried over magnesium sulfate. The solvent was evaporated to give (S)-1-allyloxycarbonyl-3-carboxypyr- 
rolidine (9.8 g). ^ 

IR (CH2CI2) : 1690-1710 cm" 1 

NMR (CDCb, fi) : 2.05-2.24 (2H, m), 2.98-3.05 (1H, m), 3.38-3.77 (4H, m). 4.56-4.61 (2H m) 5 17-5 35 (2H 
m), 5.84-6.03 (1H, m), 8.58 (1H, br s) ' 

Preparation 11-3) 

(S)-3-Acetyl-1-allyloxycarbonylpyrrolidine was obtained in 60.8% yield in substantially the same manner 
as that of Preparation 2-1). 
IR (Neat) : 1690-1720 cm -1 

NMR (CDCb, 5) : 2.21 <3H, s), 1.96-2.25 (2H, m), 3.11-3.22 (1H, m), 3.40-3.71 (4H, m), 4.54-4.60 (2H m) 
5.17-5.34 (2H, m), 5.84-6.03 (1H, m) ' 

Preparation 11-4) 

(3S,4R)-4-[2-{(S)-1-Allyloxycarbonylpyrrolidin-3-yl}-2-oxoethyl]-3-[(1R)-1-t-butyldimethylsilyloxyethyl]-2- 
oxoazetidine was obtained in 61.0% yield in substantially the same manner as that of Preparation 3 
IR (CH2CI2) : 3300, 1765, 1710 cm" 1 

NMR (CDCb, 5) : 0.07 (6H, s), 0.87 (9H, s). 1.19-1.29 (3H, m), 2.04-2.22 (2H, m), 2.66-3.17 (4H m) 3 36- 
3.60 (4H, m), 3.93-4.24 (2H, m), 4.57-4.61 (2H, m), 5.18-5.35 (2H, m). 5.84-6.04 (1H, m), 6 08 (1H "br s) ' 
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Preparation 12-1) 

To a solution of 1-(diphenylmethyl)-3-methoxycarbonylazetidine (28 g) in methanol (270 ml) and 
tetrahydrofuran (130 ml) was added 1N sodium hydroxide (115 ml) and the solution was stirred at room 
5 temperature for 1 .5 hours. The solution was then concentrated to remove organic solvents under reduced 
pressure. The resultant aqueous solution was adjusted to pH 2.95 with 10% hydrochloric acid, and resulting 
precipitates were collected by filtration, washed with water and dried to give l-(diphenylmethy0-3- 
carboxyazetidine (24.7 g). 
mp : 138-140* C 

70 NMR (DMSO-d 6 , 5) : 3.09-3.45 (5H, m), 4.42 (1H, s), 7.13-7.43 (10H, m) 



Preparation 12-2) 

rs To a solution of 1-(diphenylmethyl)-3-carboxyazetidine (21.6 g) in methanol (300 ml) and 
tetrahydrofuran (200 ml) was added 10% palladium on carbon (17 g) and the mixture was hydrogenated for 
4 hours under the pressure of 5 kg/cm 2 of hydrogen. The catalyst was removed by filtration and the filtrate 
was evaporated. To the residue were added water (180 ml) and ethyl acetate (120 ml) and the solution was 
stirred for 5 minutes. The separated aqueous layer was mixed with tetrahydrofuran (100 ml) and cooled to 

20 0-5 °C. A solution of allyl chloroformate (14.2 ml) in tetrahydrofuran (30 ml) was dropwise added thereto 
while adjusting the pH to 9-10. After 2 hours, ethyl acetate (100 ml) was added and the separated organic 
layer was washed with water (20 ml), dried and evaporated to give 1-allyloxycarbonyl-3-carboxyazetidine 
(10.1 g). 

NMR (CDCI 3 , 5) : 3.46 (1 H, m), 4.18 <4H, d, J = 6Hz), 4.55 (2H t m), 5.08-5.38 (2H, m), 5.65-6.10 (1H, m), 
25 7.29 (1H,s) 



Preparation 12-3) 

30 3-Acetyl-1-al1yloxycarbonylazetidine was obtained in 70.8% yield in substantially the same manner as 
that of Preparation 2-1), 
IR (CH2CI2) : 1710 cm" 1 

NMR (CDCI3, 5) : 2.19 (3H, s), 3.40-3.55 (1H, m), 4.13 (4H, d, J=8Hz), 4.53-4.57 (2H, m), 5.17-5.35 (2H, m), 
5.81-5.98 (1H, m) 



Preparation 12-4) 



(3S,4R)-4-[2-(1-Ally!oxycarbonyiazetidin-3-yl)-2-oxoethyl]-3-[(1R)-1-t-butyldimethylsilyloxyethyl]-2- 
40 oxoazetidine was obtained in 47.8% yield in substantially the same manner as that of Preparation 3. 
IR (Neat) : 1760, 1710 cm" 1 

NMR (CDCI3, S) : 0.04 (6H, s), 0.94 <9H, s), 1.20 (3H, d, J=6Hz), 2.53-2.89 <3H, m), 3.39-3.50 (1H, m), 3.87- 
4.17 (6H, m), 4.46-4.51 (2H, m), 5.12-5.28 (2H, m), 5.74-5.91 <1H. m), 6.17 (1H, br s) 

45 

Preparation 13-1) 

To a solution of sodium hydride (60% in oil, 816 mg) and methyl iodide (4.9 ml) in tetrahydrofuran (50 
ml), which was heated at 50-60° C, was added dropwise a solution of (2S,4R)-4-(tert-butyldimethylsilyloxy)- 

50 1-(tert-butoxycarbonyl)-2-hydroxymethylpyrrolidine (5.2 g) in tetrahydrofuran (10 ml). After stirring for two 
hours, the reaction mixture was poured into a mixture of water and ethyl acetate, the organic layer was 
separated, washed in turn with saturated aqueous sodium sulfite ahd brine, dried over magnesium sulfate. 
Evaporation of the solvent gave an oil, which was chromatographed on silica gel (200 ml) eluting with a 
mixture of hexane and ethyl acetate (4:1, V/V) to give (2S,4R)-4-(tert-butyldimethylsilyloxy)-1-(tert-butox- 

55 ycarbonyl)-2-methoxymethylpyrrolidine (4.5 g). 
IR (Nujol) : 1700 cm" 1 

NMR (CDCI3, 5) : 0.08 (6H, s), 0.88 (9H, s), 1.45 (9H. s). 1.83-2.04 (2H, m), 3.32 (3H, s), 3.40-4.45 (6H, m) 
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Preparation 13-2) 

A solution of (2S,4R)-4-(tert-butyldimethylsilyloxy)-1-(tert-buto^ 
(4.48 g) and tetrabutylammonium fluoride (1 Mol tetrahydrofuran solution, 13 ml) in tetrahydrofuran (45 ml) 

5 was stirred at 0°C for eight hours. The reaction mixture was extracted with ethyl acetate, and the organic 
layer was separated, washed with brine, dried over magnesium sulfate. Evaporation of the solvent gave an 
oil, which was chromatographed on silica gel (300 ml) eluting with a mixture of hexane and ethyl acetate 
(1:2, V/V) to give (2S,4R)-1-(tert-butoxycarbonyl)-4-hydroxy-2-methoxymethylpyrrolidine (2.82 g). 
IR (Nujol) : 1680-1700, 3350 cm" 1 

w NMR (CDCI 3 , 5) : 1.45 (9H, s), 1.96-2.27 (2H, m), 3.31 (3H, s), 3.40-3.50 (4H, m), 3.93-4.16 (1H, m), 4.34- 
4.50 (1H, m) 



Preparation 13-3) 

15 

To a solution of (2S,4R)-1-(tert-butoxycarbonyl)-4-hydroxy-2-methoxymethylpyrrolidine (2.8 g) and 
methanesulfonyl chloride (1.12 ml) in dichloromethane (30 ml) was added dropwise triethylamine (2.38 ml) 
at 0°C. After 30 minutes, the reaction mixture was washed in turn with 1 N-hydrochloric acid, water and 
brine. The organic layer was dried over magnesium sulfate and evaporated to give an oil, which was 
20 chromatographed on silica gel (300 ml) eluting with a mixture of hexane and ethyl acetate"(1:l, VA/) to give 
(2S,4R)-1 -(tert-butoxycarbonylH-methanesulfony loxy-2-methoxymethylpyrrolidine (3.61 g). 
IR (Nujol) : 1700 cm' 1 

NMR (CDCI3, 5) : 1.47 (9H, s), 2.31 (2H, br s), 3.03 (3H, s), 3.34 (3H, s), 3.40-3.75 (4H, m), 4.04-4.17 (1H, 
s), 5.23-5.32 (1 H, m) 

25 

Preparation 13-4) 

A solution of (2S,4R)-1-(tert-butoxycarbonyl)-4-methanesulfonyloxy-2-methoxymethylpyrrolidine (3.3 g) 
30 and sodium cyanide (1.75 g) in dimethyl sulfoxide (35 ml) was heated for three hours and forty minutes at 
92* C. The reaction mixture was poured into a mixture of water (100 ml) and ethyl acetate (100 ml). The 
organic layer was separated, washed with brine, and dried over magnesium sulfate. Evaporation of the 
solvent gave an oil, which was chromatographed on silica gel (200 ml) eluting with a mixture of hexane and 
ethyl acetate (1:1, \W) to give (2S,4S)-1-(tert-butoxycarbpnyl)-4-cyano-2-methoxymethylpyrroiidine (2.5 g). 
35 IR (Nujol) : 1705, 1750 cm" 1 

NMR (CDCI3, 5) : 1.47 (9H, s) f 2.30-2.47 (2H, m), 2.93-3.08 (1H, m), 3.37 (3H, s), 3.41-3.63 (3H, m), 3.84- 
4.10 (2H, m) 



40 Preparation 13-5) 

(2R)-1-Allyloxycarbonyl-4-carboxy-2-methoxymethy (pyrrolidine was obtained in 89.9% yield in substan- 
tially the same manner as that of Preparation 1 1 -2). 
IR (Nujol) : 1710 cm" 1 

45 NMR (CDCI3, 5) : 2.23-2.50 (2H, m), 3.33 (3H, s), 3.51-4.14 (6H, m), 4.56-4.63 (2H, m), 5.18-5.37 (2H, m), 
5.84-6.04 (1 H, m) 



Preparation 13-6) 

50 

(2R)-4-Acetyl-1-ailyloxycarbonyl-2-methoxymethylpyrrolidine was obtained in 40.9% yield in substan- 
tially the same manner as that of Preparation 2-1). 
IR (Nujol) : 1710 cm- 1 

NMR (CDCb, 5) : 2.20 (3H, s), 3.33 (3H, d, J = 7Hz), 4.10 (1H, br s). 4.58-4.60 (2H, m), 5.18-5.34 (2H, m), 
55 5.84-6.03 (1 H, m) 



Preparation 13-7) 

40 
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(3S,4R)-4-[2-{(2S)-1-AIIyloxycarbon^ 
butyldimethylsilyloxyethyl]-2-oxoazetidine was obtained in 41.4% yield in substantially the same manner as 
that of Preparation 3. 
IR (Nujol) : 1710, 1750 cm" 1 

5 NMR (CDCI 3 , 5).: 0.07 (6H, s), 0.87 <9H, s), 1.21 (3H, d, J = 7Hz), 3.35 (3H, s), 3.92-4.21 (3H, m), 4.58-4.62 
(2H, m), 5.18-5.35 (2H, m), 5.85-6.17 (2H, m) 



Preparation 13-8) 

70 

Ally! 2-[(3S,4R)-4-[2-{(2S)-1 -ally loxycarbony l-2-methoxymethylpyrrolidin-4-yl}-2-oxoethyl]-3-{(1 R)-1 -tert- 
butyldimethy!silyloxyethyl}-2-oxoazetidin-1-yl]-2-oxoacetate was obtained quantitatively in substantially the 
same manner as that of Preparation 14-6). 
IR (Nujol) : 1705, 1750, 1810 cm" 1 
15 NMR (CDCI3, 5) : 0.08 (6H, s), 0.88 <9H, s), 1.23-1.29 (3H, m), 3.34 (3H, s), 4.56-4.80 (4H, m), 5.19-5.50 (4H, 
m), 5.86-6.04 (2H, m) 



Preparation 14-1) 
20 ~ 

To a solution of (2S,4R)-1-ben2yloxycarbonyl-2-hydroxymethyl-4-methanesulfonyloxypyrrolidine (60 g) 
and imidazole (12.9 g) in dichloromethane (300 ml) was added dropwise a solution of tert-butyldimethylsilyl 
chloride (31.4 g) in dichloromethane at 0*C over a 30-minute period. After one hour, the reaction mixture 
was poured into a mixture of ethyl acetate (1 I), water (400 ml) and saturated aqueous sodium chloride 
25 (200 ml). The organic layer was separated, washed in turn with water and brine, and dried over magnesium 
sulfate. Evaporation of the solvent gave an oil, which was chromatographed on silica gel (1.2 I) eluting with 
a mixture of hexane and ethyl acetate (1:1 V/V) to give (2S,4R)-1 -benzyloxycarbonyl-2-(tert-butyldimethyl- 
silyloxy)methyl-4-methanesulfonyloxypyrrolidine (71 g). 
IR (Nujol) : 1710 cm" 1 

30 IR (CDCI3, 5) : 0.08 (6H, s), 0.90 (9H, s), 2.28-2.47 (2H, m), 3.03 (3H, s), 3.52-4.27 (5H, m), 5.16 (2H, s), 
5.20-5.38 (1 H, m), 7.36 (5H, s) 



Preparation 14-2) 

35 

A solution of (2S,4R)-1-benzyloxycarbonyl-2-(tert-butyldimethylsilyloxy)methyl-4-methanesuIfonylox- 
ypyrrolidine (10.246 g) and sodium cyanide (3.6 g) in dimethyl sulfoxide (100 ml) was heated for three 
hours at 92 *C. The reaction mixture was poured into a mixture of water (300 ml) and ethyl acetate (300 
ml). The organic layer was separated, and the remaining aqueous layer was reextracted with ethyl acetate 
40 (200 mi). The organic layers were combined, washed with brine, and dried over magnesium sulfate. 
Evaporation of the solvent gave an oil, which was chromatographed on silica gel (200 ml) eluting with a 
mixture of hexane and ethyl acetate (2:1, V/V) to give (2S,4S)-1-benzyloxycarbonyl-2-(tert-butyldimethyl- 
silyloxy)methyl-4-cyanopyrrolidine (4.2 g). 
IR (Nujol) : 1710 cm" 1 

45 NMR (CDCb, 5) : 0.00 (6H, s), 0.88 (9H, s), 2.30-2.45 (2H, m), 2.87-3.10 (1H, m), 3.40-3.55 (1H, m), 3.65- 
4.18 (4H, m), 5.12 (2H, s), 7.35 (5H, s) 



Preparation 14-3) 

50 

To a solution of methyl lithium (1 Mol solution in ether, 83.7 ml) in ether (36 ml) was added dropwise a 
solution of (2S,4S)-1-benzyloxycarbonyl-2-(tert-butyldimethylsilyloxy)methyl-4-cyanopyrrolidine (12 g) in 
ether (12 m!) at 0*C. The reaction mixture was stirred for two hours at 0*C and one hour at room 
temperature. Then, to the reaction mixture was added carefully a solution of 6N-sulfuric acid (36 ml) in 
55 dioxane (72 ml), and the mixture was heated 50-60* C for one hour. After removal of the ether in vacuo, the 
remaining solution was poured into a mixture of water (120 ml) and tetrahydrofuran (120 ml), cooled at 0*C, 
and the pH was adjusted to pH 9.0 with 4N-aqueous sodium hydroxide. To the resulting mixture was added 
dropwise altyl chloroformate (14 ml) at 0°C, while adjusting the pH between 8.0 and 9.0 with 4N-aqueous 
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sodium hydroxide. The reaction mixture was extracted with ethyl acetate (200 ml), the organic layer was 
separated, washed with brine, and dried over magnesium sulfate. Evaporation of the solvent gave an oil, 
which was chromatographed on silica gel eluting with a mixture of hexane and ethyl acetate (4:1 , V/V) to 
give (2S)-4-acety 1-1 -ally loxycarbonyl-2-hydroxymethylpyrroIidine (2.24 g). 
5 IR (Nujol) : 1700-1720, 3450 cm" 1 

NMR (CDCI 3 , 5) : 2.17 (3H, s), 2.50-2.80 (2H, m), 3.03-4.20 (6H. m), 4.57-4.70 (2H, m), 5.13-5.48 (2H, m), 
5.73-6.22 (1H, m) 



70 Preparation 14-4) 

To a solution of (2S)-4-acetyl-1-allyloxycarbonyl-2-hydroxymethylpyrrolidine (2.14 g) and imidazole (770 
mg) in dichloromethane (20 ml) was added dropwise a solution of tert-butyldimethylsilyl chloride (1.7 g) in 
dichloromethane (5 ml) at 0°C. After one hour, the reaction mixture was washed in turn with 1N- 
75 hydrochloric acid and brine, and dried over magnesium sulfate. Evaporation of the solvent gave an oil, 
which was chromatographed on silica gel eluting with a mixture of hexane and ethyl acetate (2:1, V/V) to 
give (2S)-4-acetyl-1 -allyloxycarbonyl-2-(tert-butyldimethylsilyloxy)methylpyrrolidine (2.725 g). 
IR (Nujol) : 1710 cm' 1 

NMR (CDCb, 5) : 0.02 (6H, s), 0.88 (9H, s), 2.20-2.32 (4H, m), 2.92-4.10 (7H, m), 4.55-4.62 (2H, m), 5.15- 
20 5.40 (2H, m), 5.85-6.00 (1H, m) 



Preparation 14-5) 

25 (3S,4R)-4-[2-{(2S)-1 -Allyioxycarbonyl-2-hydroxymethy lpyrrolidin-4-y i}-2-oxoethyl]-3-[(1 R)-1 -tert- 

butyldimethylsilyloxyethyl]-2-oxoazetidine was obtained in 49.5% yield in substantially the same manner as 

that of Preparation 3. 

IR (Nujol) : 1700-1710, 1750, 3250 cm"- 

NMR (CDCb, 5) : 0.08 (6H, s), 0.87 (9H, s), 1.21 (3H, d, J = 7Hz), 1.80-2.58 (2H, m), 2.68-4.31 (11H, m), 
30 4.53-4.58 (2H, m), 5.03-5.38 (2H, m), 5.68-6.18 (2H, m) 



Preparation 14-6) 

35 To a solution of (3S,4R)-4-[2-{(2S)-1-allyloxycarbonyl-2-hydroxymethylpyrrolidin-4-yl}-2-oxoethyI]-3-[- 

(-jR).-|-tert-butyldimethylsilyloxyethyI]-2-oxoazetidine (1.64 g) and pyridine (2.8 mi) in dichloromethane (30 
ml) was added dropwise a solution of tert-butyldimethylsilyl chloride (1.67 g) in dichloromethane (10 ml) at 
-50° C. After one hour, to the reaction mixture was added dropwise allyl oxalyl chloride (634 u.l), and then, 
the reaction mixture was allowed to warm to room temperature. The reaction mixture was extracted with 

40 ethyl acetate, the organic layer was washed in turn with 1 N-hydrochloric acid, saturated aqueous sodium 
bicarbonate and brine. The organic layer was dried over magnesium sulfate, and evaporated to give a 
residual oil, which was chromatographed on silica gel (300 ml) eluting with a mixture of hexane and ethyl 
acetate (4:1, V/V) to give allyl 2-[(3S l 4R)-4-t2-{(2S)-1-allyloxycarbonyl-2-tert-butyldimethylsilyloxym 
ethylpyrrolidin-4-yl}-2-oxoethyl]-3-{(1Rh 

45 <1.57g). 

IR (Nujol) : 1710, 1750, 1810 cm" 1 

NMR (CDCI3, 5) : 0.08 (12H, s). 0.88 (18H, s), 1.23 (3H, d, J=7Hz), 2.13-2.34 (2H, m), 2.90-4.37 (11H, m), 
4.48-4.60 (2H, m), 4.71-4.78 (2H t m), 5.09-5.48 (4H ( m), 5.68-6.16 (2H, m) 

so 

Preparation 15-1) 

To a solution of (2S,4R)-1-(tert-butoxycarbonyl)-2-carboxy-4-hydroxy pyrrolidine (103 g) and potassium 
carbonte (64.6 g) in dimethylformamide (500 ml) was added methyl iodide (33.2 ml) at 0°C, and the 
55 mixture was stirred for three hours. The reaction mixture was poured into a mixture of water (1 I) and ethyl 
acetate (1 I), and the organic layer was separated, washed in turn with water (500 ml) and brine, and dried 
over magnesium sulfate. Evaporation of the solvent gave an oil, which was chromatographed on silica gel 
(800 ml) eluting with a mixture of hexane and ethyl acetate (1:2, V/V) to give (2S,4R)-1 -(tert-butoxycar- 
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bonyl)-4-hydroxy-2-methoxycarbonylpyrrolidine (105.2 g). 
IR (Nujol) : 1670, 1745, 3450 cm" 1 

NMR (CDCI 3 , 5) : 1.42 (.9H, s), 2.00-2.40 (2H, m), 3.42-3.70 (2H t m), 3.74 <3H, s), 4.36-4.51 (2H, m) 

5 

Preparation 15-2) 

To a solution of (2S,4R)-1-(tert-butoxycarbonyI)-4-hvdroxy-2-methoxycarbonylpyrrolidine (21.46 g) and 
imidazole (7.74 g) in dichloromethane (150 ml) was added dropwise a solution of tert-butyldimethylsilyl 
10 chloride (14.67 g) in dichloromethane (30 ml) at room temperature. After two hours, resultant precipitate was 
filtered off, and the filtrate was washed in turn with water and brine. Evaporation of the solvent gave an oil, 
which was chromatographed on silica gel (500 ml) eluting with a mixture of hexane and ethyl acetate (2:1, 
V7V) to give (2S,4R)-4-(tert-butyldimethylsilyfoxy)-1-(tert-butoxycarbonyl)-2-methoxycarbonylpyrrolidine (32.3 

g). 

75 NMR (CDCI3, 5) : 0.06 (6H, s), 0.88 (9H, s), 1.42 (9H, s), 1.94-2.27 (2H, m), 3.24-3.68 (2H, m), 3.73 (3H, s), 
4.26-4.50 (2H, m) 



Preparation 15-3) 

20 

To a solution of (2S,4R)-4-(tert-butyldimethylsilyIoxy)-1 -(tert-butoxycarbonyl)-2-methoxycarbony I- 
pyrrolidine (56 g) in tetrahydrofuran (400 ml) was added slowly lithium aluminum hydride (6 g) at 0" C. After 
stirring for 30 minutes, to the reaction mixture were added dropwise water (6 ml), 4N-aqueous sodium 
hydroxide (6 ml) and water (18 ml). The precipitate was filtered off, and the solvent was removed in vacuo 
25 to give (2S,4R)-4-(tert-butyldimethylsilyto (44.15 g). 

IR (Nujol) : 1700, 3400 cm" 1 

NMR (CDCI3, 5) : 0.06 (6H, s), 0.88 (9H, s), 1.47 (9H, s), 3.30-3.72 (4H, m), 4.10-4.34 (2H, m) 



30 Preparation 15-4) 

To a solution of (2S,4R)-4-(tert-butyldimethylsilyloxy)-1-(tert-butoxycarbonyl)-2-hydroxymethylpyrrolidine 
(5.3 g) and methanesulfonyl chloride (1.49 ml) in dichloromethane (40 ml) was added dropwise triethylarnine 
(3.2 ml) at O'C. After one hour, the reaction mixture was washed in turn with 1N-hydrochloric acid, water 
35 and brine. The organic layer was dried over magnesium sulfate, and evaporated to give an oil, which was 
chromatographed on silica gel (250 ml) eluting with a mixture of hexane and ethyl acetate (2:1, *VA/) to give 
(2S,4R)-4-(tert-butyldrmethylsilyloxy)-1-(tert-butoxycarbonyl)-2-methanesulfonyloxymethylpyrrolidine (6.06 

9). 

IR (Nujol) : 1695, 1740 cm" 1 

40 NMR (CDCI3, 8) : 0.08 (6H, s), 0.87 (9H, s), 1.46 (9H, s), 1.93-2.10 (2H, m), 2.97 (3H, s), 3.32-3.48 (2H, m), 
4.07-4.58 (3H, m) 



Preparation 15-5) 

45 

To a solution of (2S,4R)-4-(tert-butyldimethylsilyloxy)-1-(tert-butoxycarbonyl)-2-methanesuifonyloxymet- 
hylpyrrolidine (6.0 g) in tetrahydrofuran (60 ml) was added slowly lithium aluminum hydride (1.11 g) at 0"C. 
And then, the reaction mixture was allowed to warm to 40 "C and stirred for one hour. To the reaction 
mixture were added dropwise water (1.11 ml), 4N-aqueous sodium hydroxide (1.11 ml) and water (3.33 ml), 
so The precipitate was filtered off, and the solvent was removed in vacuo to give (2R,4R)-4-(tert-butyldimethyl- 
silyloxy)-1-(tert-butoxycarbonyl)-2-methylpyrrolidine (4.0 g). 
IR (Nujol) : 1705 cm" 1 

NMR (CDCI3, 5) : 0.08 (6H, s), 0.87 (9H, s), 2.21 (3H, d, J=7Hz), 1.47 (9H, s), 3.33-3.40 (2H, m), 3.63-4.35 
(3H, m) 

55 

Preparation 15-6) 
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^^^'i 0 " of (2R - 4R )- 4 -( tert - bu ty'dimethylsilyloxy)-1-(tert-butoxycarbonyl)-2-methylpy (39 n) 

stirred at 0 C for one hour. The react>on mixture was extracted with ethyl acetate, the organic laver was 
separated, washed with brine, and dried over magnesium sulfate. Evaporation of the soS gave TL oil 
o^r/mfr^ r Si,iCa 961 (2 °° m ° elUtin9 W " h 3 ™«™ ° f ^ « ^ Sa'cetate (1 ' 



Preparation 1 5-7) 



> 5 fony[ch^Se 955 L f^ < 192 9> and methanesul- 

nTh? h . ° d,chloromethan e (30 ml) was added dropwise triethylamine (1.99 ml) at 0° C After 
one hour the reaction m.xture was washed in turn with 1 N-hydrochlolic acid and brine and the organic lave 

Sea aetZn ZSTT" EVaP ° rati ° n ° f the S °' Vent 9ave an °"- which ^olZZ^Z 

shea gel (200 ml) elutmg with a m.xture of hexane and ethyl acetate (1:1. V/V) to give (2R 4R)-i-(te rt - 

butoxycarbonyl)-4-methanesulfonyloxy-2-methylpyrrolidine (2 49 o> 
20 IR (Nujol) : 1695. 1740 cm" 1 " 

X^^SS^^ * "* »«- OH. m. 3.03 «3H. S) .3.40- 



25 Preparation 15-8) 



30 



35 



A solution of (2R,4R)-1-(tert-butoxycarbonyl)-4-methanesulfonyloxy-2-methylpyrrolidine (2 3 a) and «, 
dium cyan.de (1 .37 g) in dimethyl su.foxide (25 ml) was heated for two and 7Z tours * 90 ' C The 
react-on mixture was poured into a mixture of water (100 ml) and ethyl acetate (10 ml) The orqanicVve^ 
was separated, washed with brine, and dried over magnesium sulfate. Evapora io i oTthe soZTal^Z 
?4-'i W v^ WaS Ch ;° ma L°9 ra P hed on silica gel (100 ml) e.uting with a mixi of 
[r^Jo^ 

z^^^y;^ 147 (9H - s) ' 1 - 82 - 200 ° H - m) - 2 - 41 - 2 - 57 (1H - m> - 2 - 9 °- 306 «>■ 



40 



45 



Preparation 15-9) 



IR (Nujol) : 1710 cm - ' 

NMR (CDCIs. 5): 1.28 (3H. d. J = 7Hz). 1.87-1.98 (1H. m), 2.37-2.52 (1H m) 2 94-311 (1H m > , « , 
(1H. m). 3.80-4.02 (2H, m). 4.58-4.61 (2H, m). 5.18-5.36 (2H. m). 5.84-i 04 (Th", mf 



Preparation 15-10) 

(2R)-4-Acetyl-1-allyloxycarbonyl-2-methylpyrrolidine was obtained in 54.4% yield in substantial the 
so same manner as that of Preparation 2-1 ) suDstantiaily the 

NMR (CDC.3. 5, : 1.24 (3H. dd. J=7Hz), 2.20 (3H, s). 4.57-4.60 (2H. m). 5.18-5.34 (2H. m). 5.84-6.03 (1H. 



55 Preparation 15-11) 



. t S S ' 4 ^"1"[f^ (2R) " 1 " Alfy,oxycarbo R)-1-tert- 
butyldimethylsnyloxyethylj^xoazetidine was obtained in 55.3'Zo yield in substantially the same manner as 
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that of Preparation 3. 

IR (Nujol) : 1700, 1760 cm- 1 

NMR (CDCb, 5) : 0.06 (6H, s), 0.86 (9H, s), 1.22 (6H, d, J = 7Hz), 4.57-4.60 (2H, m), 5.18-5.35 (2H, m), 5.83- 
6.08 (2H, m) 



Preparation 15-12) 

Altyl 2-[(3S,4R)-4-[2-{(2R)-1-allyloxycarbonyl-2-m^ 
10 butyidimethylsilyloxyethyl}-2-oxoazetidin-l-yl]-2-oxoacetate was obtained quantitatively in substantially the 
same manner as that of Preparation 14-6). 
IR (Nujol) : 1710, 1750, 1810 cm- 1 

NMR (CDCb, 5) : 0.08 (6H, s), 0.87 (9H, s), 1.20-1.30 (6H, m), 1.58-1.90 (2H, m), 2.83-4.38 (9H, m), 4.57- 
4.80 (4H, m), 5.18-5.45 (4H, m), 5.84-6.06 (2H, m) 



Preparation 16-1) 

To a solution of (2S,4R)-1-allyloxycarbonyl-4-hydroxy-2-methoxycarbonylpyrrolidine (3.0 g) in dich- 
20 loromethane (50 mi) was added hexafluoropropenediethylamine (5.4 ml) at 0°C. After stirring for 12 hours 

at ambient temperature, the solution was washed with saturated aqueous sodium bicarbonate and brine. 

The dried solution was evaporated and the residue was chromatographed on silica gel eiuting with a mixture 

of n-hexane and ethyl acetate (3:1, V/V) to give (2S)-1-allyioxycarbonyl-4-fluoro-2-methoxycarbonyl- 

pyrrolidine (2.5 g). 
25 IR (Neat) : 1700 cm" 1 

NMR (CDCb, 6) : 2.1-2.7 (2H, m), 3.75 (3H, s), 4.4-4.7 <3H, m). 5.0-5.4 (3H, m), 5.8-6.1 (1 H, m) 



Preparation 16-2) 

(2S)-1-Allyloxycarbonyl-2-acetyl-4-fluoropyrrolidine was obtained in 50.9% yield in substantially the 
same manner as those of Preparations 12-1) and 12-3). 
IR (Neat) : 1700 cm" 1 

NMR (CDCb, 5) : 2.20 (3H, s), 4.62 (2H, d, J = 5Hz), 4.8-5.6 (3H, m), 5.6-6.1 (1H, m) 



Preparation 16-3) 

(3S,4R)-4-{2-[(2S)-1 -Ally loxycarbonyl-4-f luoropyrrolidin-2-yl]-2-oxoethyl}-3-[(1 R)-1 -t- 
40 butyldimethyisilyloxyethyl]-2-oxoazetidine was obtained in 66.6% yield in substantially the same manner as 
that of Preparation 3. 
IR (CH 2 CI 2 ) : 1750, 1700 cm" 1 

NMR (CDCb, 5) : 0.06 (6H, s), 0.87 (9H, s), 1.27 (3H, d, J = 6Hz), 2.7-3.2 (3H. m), 4.5-4.7 (2H, m), 5.0-5.5 
(3H, m), 5.7-6.2 (2H, m) 



Preparation 17 

(3S,4R)-4-[2-(1-Allyloxycarbonylpiperidin-2-yl)-2-oxoethyl]-3-t(1R)-1-t-butyIdimethylsilyloxyethy!]-2- 
50 oxoazetidine was obtained in 53.4% yield in substantially the same manner as that of Preparation 3. 
IR (CH2CI2) : 3400, 1760, 1700 cm" 1 

NMR (CDCb, 5) : 0.04 (6H, s), 0.90 (9H, s), 2.5-2.9 (3H, m), 4.61 (2H, d, J = 5Hz), 5.1-5.3 (2H, m), 5.8-6.1 
(1H, m) 

^ 55 

Preparation 18-1) 

To a solution of 1-allyloxycarbonyl-4-carboxypiperidine (37 g) in tetrahydrofuran (400 ml) were added 
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triethylamine (31 ml) and isobutyl chloroformate (27 ml) at -30 ° C. After stirring for 30 minutes at 0°C, the 
precipitate was filtered off. The obtained solution was added dropwise to the solution of sodium borohydride 
(13 g) in water (100 ml) at 0°C. After stirring for 1 hour at 0°C, sodium chloride was added to saturate the 
aqueous layer, and the organic layer was separated. The dried organic layer was evaporated and then the 
5 residue was chromatographed on silica gel eluting with a mixture of n-hexane and ethyl acetate (1:1-1:2, 
VA/) to give 1-aliyioxycarbonyl-4-hydroxymethylpiperidine (24 g). 
IR (Neat) : 3400-3500, 1700 cm' 1 

NMR (CDCb, 5) : 1.5-1.8 (4H, m), 4.48 (2H, m), 5.1-5.4 (2H, m), 5.8-6.0 (1H, m) 

10 

Preparation 18-2) 

To a solution of oxalyl chloride (7.7 ml) in dichloromethane (200 ml) was added dropwise dimethyl 
sulfoxide (7.7 ml) at -78° C. After stirring at -78° C for 20 minutes, to the mixture was added dropwise a 

75 solution of 1-allyloxycarbonyl-4-hydroxymethylpiperidine (14 g) in dichloromethane (20 ml). After stirring at 
-78 °C for 30 minutes, to the mixture was added dropwise triethylamine (35 ml)and the resulting mixture 
was allowed to stir at 0° C. The solution was washed with brine and dried. Evaporation of the solvent gave 
an oil, which was dissolved in tetrahydrofuran (100 ml). To the solution was added 1N-ethylmagnesium 
bromide in tetrahydrofuran solution (35 ml) at 0°C. After stirring for 1 hour at 0°C, to the solution was 

20 added saturated aqueous ammonium chloride.and the organic layer was separated. The dried organic layer 
was evaporated, and the residue was chromatographed on silica gel eluting with a mixture of n-hexane and 
ethyl acetate (2:1, VA/) to give 1-allyloxycarbonyl-4-(1-hydroxypropyl)piperidine (12.8 g). 
IR (Neat) : 3450, 1680 cm" 1 

NMR (CDCI3. 5) : 0.91 (3H. t, J = 7Hz), 4.4-4.6 (2H, m), 5.0-5.4 (2H, m), 5.6-6.1 (1H, m) 

25 

Preparation 18-3) 

1-AI!yloxycarbonyl-4-(l-oxopropyl)piperidine was obtained in 35.9% yield in substantially the same 
30 manner as that of Preparation 24-2). 
IR (Neat) : 1710 cm" 1 

NMR (CDCb, S) : 1.05 (3H, t, J = 7Hz), 1.4-2.0 (4H, m), 2.9-3.1 (3H, m), 4.1-4.4 (3H, m), 4.5-4.6 (2H, m), 5.1- 
5.4 (2H, m), 5.8-6.1 (1H, m) 

35 

Preparation 18-4) 

(3S,4R)-4-[2-(1 -Allyloxycarbony lpiperidin-4-yi)-1 -methyl-2-oxoethyl]-3-[(1 R)-1 -t- 
butyldimethylsilyloxyethyl]-2-oxoazetidine was obtained in substantially the same manner as that of Prep- 
40 aration 3. Two isomers (Isomers A and B) were separated by column chromatography on silica gel eluting 
with a mixture of hexane and ethyl acetate (1:1, VA/) to give Isomer A (4.9 g) and Isomer B (2.1 g). 
Isomer A : 

IR (CH2CI2) : 1750, 1690 cm" 1 

NMR (CDCb, 5) : 0.06 (3H, s), 0.92 (9H, s), 2.6-3.1 (6H, m), 3.7-4.0 (2H, m), 4.1-4.3 (4H, m), 4.5-4.6 (2H, 
45 m), 5.1-5.4 (2H, m), 5.8-6.0 (2H, m) 
Isomer B : 

IR (Neat) : 3300, 1750, 1700 cm" 1 

NMR (CDCb, 5) : 0.06 (3H, s), 0.94 (9H, s), 2.5-3.1 (6H, m), 4.5-4.7 (2H, m), 5.1-5.4 (2H, m), 5.8-6.0 (2H, m) 

50 

Preparation 19 

A solution of N-tert-butoxycarbonyl-3-cyanoazetidine (205 g) in cone, hydrochloric acid (100 ml) and 
acetic acid (1000 ml) was stirred at 130° C for 6 hours. The solvent was removed by evaporation, and to the 
55 residue were added tetrahydrofuran (1000 ml) and water (1000 ml). To the solution was added allyl 
chloroformate (167 ml) at 5-10° C, keeping the pH between 9.5 and 10.5 with 4N aqueous sodium 
hydroxide. The aqueous layer was separated, washed with ethyl acetate (500 ml). To the aqueous solution 
was added ethyl acetate (2000 ml) and the solution was adjusted to pH 1.5 with cone, hydrochloric acid with 
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stirring. The organic layer was extracted with ethyl acetate (1000 ml) and evaporated to give 1- 
allyloxycarbonylazetidine-3-carboxylic acid (215 g). 

NMR (CDCI 3 . 5) : 3.26-3.65 (1H, m), 4.22 (4H t d, J = 6Hz), 4.57 (2H, m), 5.10-5.43 (2H, m), 5.67 -6.17 (1H, 
m), 7.33 (1H, s) 



Preparation 20-1) 

Ethyl 4-(allyloxycarbonyl)thiomorpholine-3-carboxylate was obtained from ethyl thiomorpholine-3-car- 
10 boxylate in 99.3% yield in substantially the same manner as that of Preparation 21-1). 
IR (Neat) : 1740, 1705 cm" 1 

NMR (CDCls, 5) : 1.30 (3H, t, J = 9.6Hz), 2.46 (1H, m), 2.73 (1H, m), 2.92 (1H, dd, J = 5.4Hz, 18.6Hz), 3.0-3.5 
(2H, m), 4.05-4.45 (3H, m), 4.6-4.65 (2H, m), 5.1-5.5 (3H, m), 5.8-6.1 (1H, m) 



75 

Preparation 20-2) 

A solution of ethyl 4-(allyloxycarbonyl)thiomorpholine-3-carboxylate (15.4 g) in a mixture of 4N aqueous 
sodium hydroxide (30 ml), methanol (30 mi) and tetrahydrofuran (75 ml) was refluxed for 90 minutes. The 
20 organic solvents were evaporated to give an aqueous solution. The aqueous solution was adjusted to pH 2 
with concentrated hydrochloric acid, extracted with ethyl acetate (200 ml), dried over magnesium sulfate, 
and evaporated under reduced pressure to give 4-(allyloxycarbonyl)thiomorpholine-3-carboxylic acid (14.0 
g) as a syrup. 
IR (Neat) : 1750-1650 cm -1 

25 NMR (CDCI 3 . 5) : 2.45-3.5 (5H, m), 4.3-4.5 (1H, m). 4.6-4.65 (2H, m), 5.2-5.3 (2H, m), 5.3-5.4 (1H, m), 5.8- 
6.05 (1H, m), 9.62 (1H, br s) 



Preparation 20-3) 

30 

5-[4-(A||yloxycarbonyl)thiomorpholin-3-yl]carbonyl-2,2-dimethyl-1 ) 3-dioxane-4 l 6-dione was obtained in 
99.9% yield in substantially the same manner as that of Preparation 22-4). 
IR (Neat) : 1780-1650 cm" 1 

35 

Preparation 20-4) 

3-Acetyl-4-(allyloxycarbonyl)thiomorpholine was obtained in 75.1% yield in substantially the same 
40 manner as that of Preparation 22-5). 
IR (Neat) : 1730-1690 cm" 1 

NMR (CDCI3, 5) : 2.21 (3H, s), 2.4-3.35 <5H, m), 4.1-4.65 (3H, m), 4.9-5.05 (1H, m), 5.2-5.4 (2H, m). 5.85- 
6.05 (1H, m) 

45 

Preparation 20-5) 

To a solution of 3-acetyl-4-(atlyloxycarbonyl)thiomorpholine (8.70 g) and triethylamine (4.95 ml) in 
dichloromethane (70 ml) was added trimethylsilyl trifluoromethanesulfonate (6.86 ml) below -60° C under an 

so atmosphere of nitrogen and the mixture was stirred at 0-5 °C for 30 minutes to give corresponding silyl 
enol ether. On the other hand, to a solution of (3S,4R)-4-acetoxy-3-[(1R)-1-tert-butyldimethylsilyloxyethyl]-2- 
oxoazetidine (10.2 g) and triethylamine (4.95 ml) in dichloromethane (70 ml) was added trimethylsilyl 
trifluoromethanesulfonate (6.86 ml) below -60 *C under an atmosphere of nitrogen and the mixture was 
stirred at 0-5* C for 30 minutes to give corresponding N-silyl derivative. The solution of the silyl enol ether 

55 was cooled below -60 °C. To this solution was added a solution of the N-silyl derivative, followed by 
addition of trimethylsilyl trifluoromethanesulfonate (3.45 ml), and the mixture was stirred at 0-10° C for 3 
hours. The solution was poured into a mixture of water (140 ml) and ethyl acetate (280 ml). After stirring for 
30 minutes, the solution was adjusted to pH 6.5 with saturated aqueous sodium hydrogen carbonate. The 
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organic layer was separated, washed with brine, dried over magnesium sulfate, and concentrated under 
reduced pressure to give a syrup. The syrup was subjected to a column chromatography on silica gel (170 
g) and eluted with a mixture of hexane and ethyl acetate (4:6, V/V) to give Isomer A of (3S,4R)-4-[2-{4- 
(allyloxycarbonyl)thiomorpholin-3-yl}-2-o^ 
5 (1.53 g) as a syrup. 

IR (Neat) : 3300-3250, 1770-1690 cm"' 

Elution was continued to give isomer B of (3S,4R)-4-[2-{4-(allyloxycarbonyl)thiomorpholin-3-yl}-2- 
oxoethyi]-3-[(1R)-1-tert-butyldimethylsilyloxyethyl]-2-oxoazetidine (1.89 g) as a syrup. 
IR (Neat) : 3350-3250. 1770-1690 cm" 1 



Preparation 20-6) 

Isomer B of allyl 2-[(3S.4R)-4-[2-{4-allyloxycarbonyl)thiomorphoiin-3-yl}-2-oxoethy l]-3-{(1 R)-1 -tert- 
rs butyldimethylsilyloxyethyl}-2-oxoazetidin-1-yl]-2-oxoacetate was obtained in 99.7% yield in substantially the 
same manner as that of Preparation 13-8). 
IR (Neat) : 1810, 1755, 1710-1690 cm' 1 



20 Preparation 21-1) 

To a solution of piperazine-2-carboxyiic acid dihydrochloride (20 g) in a mixture of v/ater (100 ml) and 
tetrahydrofuran (100 ml) was added a solution of allyl chloroformate (22 ml) in tetrahydrofuran (20 mi) under 
ice-cooling with stirring, keeping the pH between 8.5 and 9.5 with 4N aqueous sodium hydroxide. After 
25 stirring for 30 minutes, the mixture was adjusted to pH 2 with concentrated hydrochloric acid and extracted 
with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate, and con- 
centrated under reduced pressure to give 1 ,4-bis(aliyloxycarbonyl)piperazine-2-carboxylic acid (29.65 g) as 
a syrup. 

IR (Neat) : 1 745-1 685 cm" 1 
30 NMR (CDCI3, 5) : 2.9-3.35 (3H, m), 3.7-4.2 (2H, m), 4.5-4.85 (6H, m), 5.15-5.35 (4H, m), 5.8-6.0 (2H, m) 



Preparation 21-2) 

35 5-[1 ,4-Bis(allyloxycarbonyl)piperazin-2-yl]carbonyl-2,2-dimethyl-1 ,3-dioxane-4,6-dione was obtained in 

quantitative yield in substantially the same manner as that of Preparation 22-4). 
IR (Neat) : 1740-1690 cm" 1 



40 Preparation 21-3) 

2-Acetyl-1,4-bis(allyloxycarbonyl)piperazine was obtained in 71.6% yield in substantially the same 
manner as that of Preparation 22-5). 
IR (Neat) : 1730-1690 cm" 1 

45 NMR (CDCI3, 5) : 2.25 (3H, s), 2.95-3.3 (3H, m), 3.8-4.1 (2H, m), 4.55-4.75 (6H, m), 5.2-5.4 (4H, m), 5.8-6.05 
(2H, m) 



Preparation 21-4) 

(3S,4R)-4-[2-{1 ,4-Bis(allyloxycarbonyl)piperazin-2-yl}-2-oxoethyl]-3-[(1 R)-1 -tert- 
butyldimethylsilyloxyethyl]-2-oxoazetidine was obtained in 51.2% yield in substantially the same manner as 
that of Preparation 3. 
IR (Neat) : 1770-1690 cm" 1 



Preparation 21-5) 
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Allyl 2-[(3S,4R)-4-[2-{1 ,4-bis(allyloxycarbonyl)piperazin-2-yl}-2-oxoethyl]-3-{(1 R)-1 -tert- 

butyldimethylsilyloxyethyl}-2-oxoazetidin-1-yl]-2-oxoacetate was obtained in 99.7% yield in substantially the 
same manner as that of Preparation 13-8). 
IR (Neat) : 1810, 1760, 1690 cm" 1 



Preparation 22-1) 

A solution of ethyl (3S)-4-benzylmorpholine-3-carboxytate (6.50 g) in methanol (130 ml) was hydroge- 
10 nated under atmospheric pressure of hydrogen over 20% palladium hydroxide on carbon (0.6 g) for 3 hours 
at ambient temperature. The catalyst was filtered off and the methanol was evaporated to give ethyl (3S)- 
morpholine-3-carboxylate (3.83 g) as a syrup. 
IR (Neat) : 1740 cm" 1 

NMR (CDCI 3 , 5) : 1.29 (3H, t, J =7.1 Hz), 2.03 (1H, br s), 2.8-3.2 (2H, m), 3.5-3.7 (2H, m), 3.7-4.9 <2H, m), 
75 4.01 (1 H, dd, J = 3.4Hz, 1 1 .1 Hz), 4.21 (2H, q, J = 7.1 Hz) 



Preparation 22-2) 

20 To a solution of ethyl (3S)-morpholine-3-carboxylate (3.80 g) in a mixture of tetrahydrofuran (40 ml) and 

water (40 ml) was added a solution of allyl chloroformate (3.36 ml), in tetrahydrofuran (3 ml) under ice- 
cooling with stirring, keeping the pH between 8.5 and 9.5 with 4N aqueous sodium hydroxide. After stirring 
for 30 minutes, the mixture was extracted with ethyl acetate (100 ml), dried over magnesium sulfate, and 
evaporated to give ethyl (3S)-4-allyloxycarbonylmorpholine-3-carboxylate (5.83 g) as a syrup. 

25 IR (Neat) : 1740, 1705 cm' 1 

NMR (CDCI3. 5) : 1.29 (3H t t. J = 7.1 Hz), 3.2-4.0 (5H, m), 4.24 (2H, q, J=7Hz), 4.3-4.8 (4H, m), 5.1-5.5 (2H, 
m), 5.8-6.0 (1H, m) 



30 Preparation 22-3) 

A solution of ethyl (3S)-4-atly!oxycarbonylmorpholine-3-carboxylate (5.90 g) in a mixture of ethanol (15 
ml) and 4N aqueous sodium hydroxide (15 ml) was stirred at 30-40 °C for one hour. Ethanol was 
evaporated to give an aqueous solution. The aqueous solution was adjusted to pH 2 with concentrated 
35 hydrochloric acid, extracted with ethyl acetate (100 ml), dried over magnesium sulfate, and evaporated 
under reduced pressure to give (3S)-4-allyloxycarbonylmorpholine-3-carboxylic acid (5.24 g) as a syrup. 
IR (Neat) : 1755-1660 cm" 1 

NMR (CDCI3, 5) : 3.2-4.0 (5H, m), 4.3-4.5 (1H, t, j = 11Hz), 4.5-4.7 (3H, m), 5.1-5.4 (2H, m), 5.8-6.1 (1H, m) 

40 

Preparation 22-4) 

To a mixture of (3S)-4-allyloxycarbonylmorpholine-3-carboxylic acid (5.20 g) and 2,2-dimethyl-1 ,3- 
dioxane-4,6-dione (3.5 g) in dichloromethane (50 ml) were added dicyclohexylcarbodiimide (5.00 g) and 4- 

45 dimethylaminopyridine (2.96 g), in turn,, under ice-cooling. The mixture was stirred under ice-cooling for 2 
hours and at ambient temperature for 18 hours. Insoluble material was filtered off. The filtrate was washed 
with 1N hydrochloric acid (50 ml x 2) and, next, brine (50 ml), dried over magnesium sulfate, and 
concentrated under reduced pressure to give 5-[(3S)-4-allyloxycarbonylmorpholin-3-yl]carbonyl-2,2- 
dimethyl-1,3-dioxane-4,6-dione (8.31 g) as a syrup. 

50 IR (Neat) : 1740-1660 cm" 1 



Preparation 22-5) 

55 A solution of 5-[(3S)-4-allyloxycarbonylmorphoiin- 3-yI]carbonyl-2,2-dimethyl-1 ,3-dioxane-4,6-dione (8.30 
g) in a mixture of glacial acetic acid (17 ml) and water (25 ml) was refluxed for 2 hours. After cooling, the 
mixture was concentrated under reduced pressure to give a syrup. A solution of the syrup in ethyl acetate 
(100 ml) was washed in turn with water (100 ml), saturated sodium hydrogen carbonate (100 ml), and brine 
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(100 ml). The solution was dried over magnesium sulfate and evaporated under reduced pressure to give a 
syrup. The syrup was subjected to a column chromatography on silica gel (40 g) and eluted with a mixture 
of hexane and ethyl acetate (8:2, V/V) to give (3S)-3-acetyl-4-allyloxycarbonylmorpholine (3.7 g) as a syrup. 
IR (Neat) : 1730-1690 cm" 1 
5 NMR (CDCI 3 , 5) : 2.23 (3H, s), 3.1-4.0 (5H, m), 4.4-4.7 (4H, m) f 5.2-5.4 (2H, m), 5.8-6.0 (1H, m) 



Preparation 22-6) 

to (3S,4R)-4-[2-{(3S)-4-Allyloxycarbonylmorpholin-3-yl}-2-oxoethyi]-3-[(1R)-1-tert- 

butyldimethylsily!oxyethyl]-2-oxoazetidine was obtained in 71.5% yield in substantially the same manner as 

that of Preparation 3. 

IR (Neat) : 1760, 1725, 1705 cm" 1 

NMR (CDCI3, 5) : 0.07 (6H, s), 0.87 (9H, s), 1.21 (3H. d, J = 8Hz) 



Preparation 22-7) 

Ally! 2-[(3S,4R)-4-[2-{(3S)-4-allyloxycarbonylmorpholin-3-yl}-2-oxoethyl]-3-{(1R)-1-tert- 
20 butyldimethylsilyloxyethyl}-2-oxoazetidin-1-yl]-2-oxoacetate was obtained in 97.2% yield in substantially the 
same manner as that of Preparation 13-8). 
IR (Nujol) : 1810, 1760-1690 cm" 1 

NMR (CDCI 3 , 5) : 0.02 (3H, s), 0.10 (3H, s), 0.84 (9H, s), 1.26 (3H, d, J = 8Hz) 

25 

Preparation 23-1) 

2-(N-Allyloxycarbonyl-N-benzyiamino)ethanol was obtained from 2-(benzylamino)ethanol quantitatively 
in substantially the same manner as that of Preparation 22-2). 
30 IR (Neat) : 3450-3350. 1710-1670 crrr- 

NMR (CDCb, 5) : 3.3-3.5 (2H, m). 3.6-3.8 (2H, m), 4.57 (2H, s), 4.6-4.7 (2H, m), 5.1-5.4 (2H, m), 5.8-6.1 (1H, 
m), 7.2-7.4 (5H, m) 



35 Preparation 23-2) 

To a solution of oxalyl chloride (13.8 ml) in dichloromethane (270 mi) was added dropwise a solution of 
dimethyl sulfoxide (19.7 mi) in dichloromethane (30 ml) below -60 °C under atmosphere of nitrogen. After 
stirring the mixture at the same condition for 30 minutes, a solution of 2-(N-allyloxycarbonyl-N-ben- 

40 zylamino)ethanol (32.6 g) in dichloromethane (30 ml) was added to the mixture below -60 °C with stirring. 
After 30 minutes, triethy (amine (58 ml) was added to the mixture at the same condition. The mixture was 
stirred below -60 C for 30 minutes and the reaction temperature was allowed to rise to ambient 
temperature. The mixture was washed with water (300 ml), 1N hydrochloric acid (300 ml x 2), saturated 
aqueous sodium hydrogen carbonate (300 ml), and brine (300 ml) successively, dried over magnesium 

45 sulfate, and concentrated under reduced pressure to give 2-(N-allyloxycarbonyl-N-benzylamino)- 
acetaldehyde (32.9 g) as a syrup. 
IR (Neat) : 1735-1680 cm" 1 

NMR (CDCI3. 5) : 3.95 (2H, d. J = 10Hz), 4.58 (2H, s), 4.6-4.7 (2H, m), 5.2-5.4 (2H, m), 5.8-6.0 (1H, m), 7.2- 
7.4 (5H, m), 9.47 (1H, d, J = 10Hz) 



Preparation 23-3) 

To a solution of (trimethylsilyl)acetylene (23.75 ml) in tetrahydrofuran (250 mi) was added a 1.6 M 
55 solution of butyllithium in hexane (105 ml) below -60 °C. After stirring for one hour, a solution of 2-(N- 
allyloxycarbonyl-N-benzylamino)acetaldehyde (32.86 g) in tetrahydrofuran (30 ml) was added to the mixture 
below -60 *C. The solution was stirred at the same condition for one hour and an aqueous saturated 
ammonium chloride (100 ml) was added to the reaction mixture below -60 °C. After stirring at the ambient 
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temperature for one hour, ethyl acetate (300 ml) was poured into the mixture. The solution was washed with 
brine (150 ml x 2), dried over magnesium sulfate, and concentrated under reduced pressure to give a 
syrup. The syrup was subjected to a column chromatography on silica gel (300 g) and eluted with a mixture 
of hexane and ethyl acetate (9:1, V/V) to give l-(N-allyloxycarbonyl-N-benzylamino)-4-trimethylsilyl-3-butyn- 
5 2-ol (19.77 g) as a syrup. 

IR (Neat) : 3450-3350, 2190, 1710-1680 cm" 1 

NMR (CDCI 3 , 5) : 0.17 (9H, s), 3.3-3.5 (2H, m), 4.4-4.7 (5H, m), 5.1-5.3 (2H, m), 5.8-6.0 <1H, m), 7.1-7.3 (5H, 
m) 

70 

Preparation- 23-4) 

Mercury(ll) sulfate (3.55 g) was added to a solution of 1-(N-allyloxycarbonyl-N-benzyIamino)-4- 
trimethyIsilyl-3-butyn-2-01 (19.75 g) in a mixture of sulfuric acid (0.15 ml), ethylene glycol (60 ml), and 

rs tetrahydrofuran (120 ml). The mixture was stirred at 30-40 °C for 35 hours. Sodium hydrogen carbonate (1 
g) was added to the mixture and the mixture was stirred at 30-40 * C for one hour. An insoluble material 
was filtered off and the filtrate was concentrated under reduced pressure to give a syrup. A solution of the 
syrup in ethyl acetate (250 ml) was washed with water (150 ml), dried over magnesium sulfate, and 
concentrated under reduced pressure to give an oil. The oil was subjected to a column chromatography on 

20 silica gel (400 g) and eluted with a mixture of hexane and ethyl acetate (5:5, VA/) to give 2-[2-(N- 
a!lyloxycarbonyl-N-benzylamino)-1-hydroxyethyl]-2-methyl-1,3-dioxolane (11.6 g) as a syrup. 
IR (Neat) : 3450-3400, 1710-1680 cm' 1 

NMR (CDCI3, 5) : 1.29 (3H, s), 3.1-3.3 (1H, br s), 3.3-3.6 (2H, m), 3.6-3.8 (1H, m), 3.8-4.0 (4H, m), 4.5-4.9 
(4H, m), 5.2-5.3 (2H, m), 5.8-6.0 (1H, m), 7.2-7.4 (5H, m) 

25 

Preparation 23-5) 

Tetrakis(triphenylphosphine)pal!adium(0) (2g) was added to a mixture of 2-[2-(N-allytoxycarbonyl-N- 
30 benzylamino)-1-hydroxyethyl]-2-methyl-1,3-dioxolane (10.5 g), triphenylphosphine (0.86 g), and morpholine 
(3 ml) in tetrahydrofuran (100 ml) at ambient temperature in a stream of nitrogen. The mixture was stirred at 
the same condition for 2 hours and concentrated under reduced pressure to give a residue. The residue 
was subjected to a column chromatography on silica gel (150 g) and eluted with a mixture of methanol and 
chloroform (2:98, and then 5:95, V7V) to give 2-(2-benzylamino-1-hydroxyethyl)-2-methyl-1 ,3-dioxolane (5.60 
35 g) as a syrup. 

IR (Neat) : 3450-3250 cm" 1 

NMR (CDCI3, 5) : 1.29 (3H, s), 2.50 [2H, br s), 2.70 (1H, dd, J = 11.2Hz, J = 16.2Hz), 2.83 (1H, dd, J = 5.0Hz, 
16.2Hz), 3.69 (1H, dd, J = 5.0Hz, 11.2Hz), 3.81 (1H, s), 3.96 (4H, s), 7.31 (5H, s) 

40 

Preparation 23-6) 

To a solution of 2-(2-benzylamino-1-hydroxyethyl)-2-methyl-1,3-dioxolane (5.55 g) in a mixture of 
tetrahydrofuran (50 ml) and water (50 ml) was added a solution of chloroacetyl chloride (1.9 ml) in 

45 tetrahydrofuran (4 ml) under ice-cooling with stirring, while keeping the pH between 8.5 and 9.5 with 4N 
aqueous sodium hydroxide. After stirring for one hour, the mixture was extracted with ethyl acetate (150 
ml), washed with brine (50 ml), dried over magnesium sulfate, and concentrated under reduced pressure to 
give a syrup. The syrup was subjected to a column chromatography on silica gel (60 g) and eluted with a 
mixture of hexane and ethyl acetate (5:5, VA/) to give 2-[2-(N-benzyl-M-chloroacetyIamino)-1-hydroxyethyl]- 

50 2-methyl-1 ,3-dioxolane (5.39 g) as a syrup. 
IR (Nujol) : 3400-3350, 1665 cm' 1 



55 Preparation 23-7) 

To a suspension of sodium hydride (60% in oil, 0.75 g) in tetrahydrofuran (50 ml) was added a solution 
of 2-[2-(N-benzyl-N-chloroacetylamino)-1-hydroxyethyl]-2-methyl-1,3-dioxoIane (5.35 g) in tetrahydrofuran 
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(15 mi) under ice-cooling. The mixture was heated under reflux for 4 hours and poured into a mixture of ice- 
v/ater (100 ml) and ethyl acetate (150 ml). The organic layer was separated, dried over magnesium sulfate, 
and concentrated under reduced pressure to give a syrup. The syrup was subjected to a column 
chromatography on silica gel (50 g) and eluted with a mixture of hexane and ethyl acetate (7:3, V/V) to give 
5 4-benzyi-2-(2-methyl-1,3-dioxoian-2-yl)-5-oxomorpholine (4.65 g) as a syrup. 
IR (Neat) : 1660-1645 cm" 1 

NMR (CDCb, 5) : 1-31 (3H, s), 3.16 (1H, dd, J = 4.4Hz, 1 6.0Hz), 3.37 (1H, dd, J = 14.5Hz. 16.0Hz), 3.74 (1H, 
dd, J = 4.5Hz, 14.5Hz), 3.85-4.05 (4H, m), 4.23 (1H, d, J = 22.3Hz), 4.42 (1H, d, J = 22.3Hz), 4.55 (1H, d, 
J = 19.8Hz), 4.67 (1H, d, J = 19.8Hz), 7.25-7.40 (5H, m) 

10 

Preparation 23-8) 

Borane-di methyl sulfide complex (2.2 ml) was added to a solution of 4-benzyl-2-(2-methyl-1 ,3-dioxolan- 
75 2-yl)-5-oxomorpholine (4.6 g) in tetrahydrofuran (60 ml) under ice-cooling. The mixture was stirred at 
ambient temperature for 40 hours and methanol (5 ml) was added to the mixture. After 2 hours, the mixture 
was concentrated under reduced pressure to give a syrup. The syrup was poured into a mixture of water 
(100 ml) and ethyl acetate (100 ml). The organic layer was separated, dried over magnesium sulfate, and 
concentrated under reduced pressure to give a syrup. The syrup was subjected to a column chromatog- 
20 raphy on silica gel (50 g) and eluted with chloroform to give 4-benzyl-2-(2-methyl-1 ,3-dioxolan-2-yl)- 
morpholine (2.00 g) as a syrup. 

NMR (CDCb, 5) : 1.32 (3H, s), 1.9-2.2 (2H, m), 2.63 (2H, d, J = 15.2Hz), 2.90 (2H, d, J = 14.8Hz), 3.4-3.8 (4H t 
m), 3.8-4.0 (5H, m), 7.2-7.4 (5H, m) 

Preparation 23-9) 

A solution of 4-benzyl-2-(2-methyl-1 ,3-dioxo!an-2-yl)morpholine (4.25 g) in methanol (42 ml) was 
hydrogenated under atmospheric pressure of hydrogen over 20% palladium hydroxide on carbon (1 .0 g) for 

30 30 hours at ambient temperature. The catalyst was filtered off and the filtrate was concentrated under 
reduced pressure to give an oil. To a solution of the oil in a mixture of water (50 ml) and tetrahydrofuran (50 
ml) was added a solution of allyl chloroformate (1.8 ml) in tetrahydrofuran (4 ml) under ice-cooling with 
stirring, while keeping the pH between 8.5 and 9.5 with 4N aqueous sodium hydroxide. After stirring for one 
hour, the mixture was extracted with ethyl acetate (100 ml), washed with brine (50 ml), dried over 

35 magnesium sulfate, and concentrated under reduced pressure to give a syrup. The syrup was subjected to 
a column chromatography on silica gel (50 g) and eluted with a mixture of methanol and chloroform (2:98, 
V/V) to give 4-allyloxycarbonyl-2-(2-methyl-1 ,3-dioxolan-2-yI)morphoiine (2.26 g) as a syrup. 
IR (Neat) : 1710-1690 cm" 1 

NMR (CDCb, 5) : 1-35 (3H, s), 2.7-3.1 (2H, m), 3.3-3.6 (2H, m), 3.9-4.2 (7H, m), 4.6-4.65 (2H, m), 5.15-5.4 
40 (2H, m), 5.85-6.05 (1H, m) 



Preparation 23-10) 

45 A solution of 4-allyloxycarbonyl-2-(2-methyl-1,3-dioxolan-2-yl)morpholine (2.20 g) in acetone (22 ml) was 
stirred at ambient temperature for 5 days in the presence of p-toluenesulfonic acid monohydrate (1.10 g). 
The mixture was concentrated under reduced pressure to give a syrup. The syrup was subjected to a 
column chromatography on silica gel (25 g) and eluted with a mixture of hexane and ethyl acetate (9:1, V/V) 
to give 2-acetyl-4-allyloxycarbonylmorpholine (1.37 g) as a syrup. 

50 IR (Neat) : 1725-1675 cm" 1 

NMR (CDCb, 5) : 2.24 (3H, s), 2.8-3.1 (2H, m), 3.59 (1H, dd, J = 4.1 Hz, 15.8Hz), 3.8-4.05 (3H, m), 4.24 (1 H. 
br d. J = 17.2Hz), 4.55-4.65 (2H, m), 5.2-5.4 (2H, m), 5.8-6.0 (1H, m) 



55 Preparation 23-1 1 ) 

(3S,4R)-4-[2-{4-Allyloxycarbonylm^ 
oxoazetidine was obtained in 71.1% yield in substantially the same manner as that of Preparation 3. 
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IR (Neat) : 1750, 1715-1695 cm" 1 

NMR <CDCI 3 , 5) : 0.07 (6H, s), 0.88 (9H t s), 1.21 (3H, d, J=8.4Hz), 2.7-3.15 (5H, m), 3.5-3.65 (1H, m), 3.85- 
4.0 (4H, m), 4.1-4.3 (2H, m), 4.5-4.65 (2H, m). 5.2-5.4 (2H, m), 5.8-6.05 (2H, m) 

5 

Preparation 23-12) 

Allyl 2-[(3S l 4R)-4-{2-(4-allyloxycarbonylmorpholin-2-yl)-2-oxoethyl}-3-{(1R)-1-tert- 
butyldimethylsilytoxyethyl}-2-oxoazetidin-1-yl]-2-oxoacetate was obtained in 86.4% yield in substantially the 
70 same manner as that of Preparation 13-8). 
IR (Neat) : 1805, 1750, 1725-1690 cm" 1 

NMR (CDCb, 5) : 0.03 (3H, S), 0.07 (3H, s), 0.84 (9H, s), 1.26 (3H, d, J = 8.5Hz), 2.8-3.15 (4H, m), 3.4-3.6 
(2H, m), 3.85-4.0 (3H, m), 4.2-4,4 (2H, m), 4.55-4.7 (3H, m), 4.75-4.85 (2H, m), 5.2-5.5 (4H, m), 5.85-6.0 (2H, 
m) 

75 

Preparation 24-1) 

To hydrazine hydrate (38.6 g) was added dropwise a solution of ethyl 2-(1-hydroxyethyl)acrylate (106 g) 
20 in ethanol (20 ml) at 0° C. After the addition, the reaction mixture was allowed to warm to room temperature 
and stirred for 4 hours at the same temperature. The resulting reaction mixture was chromatographed on 
silica gel (2.2 I) eluting in turn with chloroform and a mixture of chloroform and methanol (8:1 — 2:1 1:1, 
VA/) to give 4-(1-hydroxyethyI)-3-pyrazolidinone (68 g). 
NMR (CDCI 3 . 5) : 1-25 (3H, t, J = 6Hz), 3.0-4.4 (7H, m) 

25 

Preparation 24-2) 

To a suspension of sodium borohydride (36.14 g) in tetrahydrofuran (420 ml) was added dropwise , 4 

30 boron trifluoride diethyl ether complex (165 ml) at 0°C. To this reaction mixture was added dropwise a 

solution of 4-(1-hydroxyethyl)-3-pyrazolidinone (41.25 g) in tetrahydrofuran (200 ml) at 0* C and the mixture ;? 
was stirred for 1 day at room temperature. To the reaction mixture was quenched carefully with methanol at * u 

0°C and remaining precipitate was filtered off. After removal of the solvent of the filtrate, the residue was \. *> 

diluted with a mixture of methanol (400 ml) and hydrochloric acid (60 ml), which was stirred for 1 day at -j 
35 room temperature. After removal of the solvent in vacuo, the remaining solution was poured into a mixture - . > 

of -water (400 ml) and tetrahydrofuran (500 ml), cooled to 0* C, and the pH was adjusted to pH 9.0 with 4N- ^ x 

aqueous sodium hydroxide. To the resulting mixture was added dropwise allyl chloroformate (84.1 ml) at 
0* C, while adjusting the pH between 8.0 and 8.5 with 4N aqueous sodium hydroxide. The reaction mixture 
was extracted with ethyl acetate, the organic layer was separated, washed with brine, and dried over 
40 magnesium sulfate. Evaporation of the solvent gave an oil, which was chromatographed on silica gel eluting 
with a mixture of hexane and ethyl acetate (1:2, VA/) to give 1 ,2-bis(ailyloxycarbonyl)-4-(1-hydroxyethyl)- 
pyrazoiidine (57.86 g). 

NMR (CDCI3, 5) : 1.22 (3H, d, J = 7Hz), 2.23-2.64 (1H, m). 3.08-4.24 (5H, m), 4.6-4.75 (4H, m), 5.10-5.41 
(4H, m), 5.70-6.13 (2H, m) 

45 

Preparation 24-3) 

To a solution of 1,2-bis(allyloxycarbonyl)-4-(1-hydroxyethyl)pyrazolidine (13 g) in acetone (260 ml) was 
50 added dropwise Jones Reagent (2.67N, 34 ml) at 0°C. After stirring for 1 hour, to the reaction mixture was 
added dropwise 2-propanol (200 ml) and the reaction mixture was stirred at 0°C for 1 hour. The precipitate 
was filtered off and the filtrate was evaporated to give a residual oil, which was extracted with ethyl acetate 
and the organic layer was separated, washed with brine, and dried over magnesium sulfate. Evaporation of 
the solvent gave an oil, which was chromatographed on silica gel (300 ml) eluting with a mixture of hexane 
55 and ethyl acetate (1:1, VA/) to give 4-acetyl-1,2-bis(ailyloxycarbonyl)pyrazolidine (9.18 g). 

NMR (CDCb. 5) : 2.24 (3H, s), 3.34-3.62 (3H, m), 4.02-4.26 (2H, m), 4.64 (4H, br s), 5.20-5.38 (4H, m), 5.82- 
6.01 (2H, m) 
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Preparation 24-4) 

(3S,4R)-4-[2-{1 ,2-Bis(allyloxycarbony l)pyrazolidin-4-y l}-2-oxoethyl]-3-[(1 R)-1 -tert- 
butyldimethylsilyloxyethyl]-2-oxoazetidine was obtained in 64.5% yield in substantially the same manner as 
5 that of Preparation 3. IR (Nujol) : 1710, 1750 cm" 1 

NMR (CDCI 3 . 5) : 0.08 (6H, s), 0.87 (9H, s), 1.22 (3H, d, J=6Hz), 2.76-2.90 (3H, m). 3.31-3.80 (3H, m). 3.86- 
4.36 (4H, m), 4.60-4.70 (4H, m), 5.15-5.43 (4H, m), 5.7-6.30 (3H, m) 



70 Preparation 24-5) 

Allyl 2-[(3S,4R)-4-[2-{1,2-bis(allyloxycarbon^ 
butyldimethylsilyloxyethyl}-2-oxoethyl]-2-oxoa2etidin-1-yl]-2-oxoacetate was obtained in 95% yield in sub- 
stantially the same manner as that of Preparation 13-8). 
75 IR (Nujol) : 1705, 1750, 1805 cm" 1 

NMR (CDCb, 5) : 0.07 (6H, s), 0.87 (9H, s), 1.24 (3H, d, J = 6Hz), 2.93-3.74 <6H, m), 4.00-4.38 (4H, m), 4.58- 
4.81 (6H, m), 5.20-5.44 (6H, m), 5.78-6.05 <3H, m) 



20 Preparation 25-1) 

To a suspension of sodium borohydride (18.1 g) in tetrahydrofuran (200 ml) was added dropwise boron 
trifluoride diethyl ether complex (83 ml) at 0° C. To this reaction mixture was added dropwise a solution of 
4-(1-hydroxyethyl)-3-pyrazolidinone (20.65 g) in tetrahydrofuran (100 ml) at 0° C and the mixture was stirred 

25 for 1 day at room temperature. The reaction mixture was quenched carefully with methanol at 0°C and 
remaining precipitate was filtered off. After removal of the solvent of the filtrate, the residue was diluted with 
a mixture of methanol (200 ml) and cone, hydrochloric acid (30 ml), which was stirred for 1 day at room 
temperature. After removal of the solvent in vacuo, the remaining solution was poured into a mixture of 
water (200 ml) and tetrahydrofuran (250 ml), cooled to 0°C, and the pH was adjusted to 9.0 with 4N- 

30 aqueous sodium hydroxide. To the resulting mixture was added dropwise dirnethylcarbamoyl chloride (19 
ml) and allyl chloroformate (20.2 ml) successively at O'C, while adjusting the pH between 8.0 and 8.5 with 
4N-aqueous sodium hydroxyde. The reaction mixture was extracted with ethyl acetate, the organic layer 
was separated, washed with brine, and dried over magnesium sulfate. Evaporation of the solvent gave an 
oil, which was chromatographed on silica gel eluting in turn with a mixture of hexane and ethyl acetate (1:2, 

35 V7V) and a mixture of ethyl acetate, hexane and methanol (5:3:2, V7V) to give 2-allyloxycarbonyI-1- 
(dimethylcarbamoyI)-4-(1-hydroxyethyl)pyrazolidine (22.7 g). 
IR (Nujol) : 1680, 3400 cm" 1 

NMR (CDCI3, 5) : 1.19 (3H, d, J = 6Hz), 2.0-2.64 (1H, m), 3.0 (6H. s)., 3.3-3.9 (5H, m), 4.60-4.65 (2H, m), 
5.17-5.37 (2H, m), 5.82-6.00 (1H, m) 

40 

Preparation 25-2) 

To a solution of oxalyl chloride (7.42 ml) in dichloromethane (250 ml) was added dropwise dimethyl 
45 sulfoxide (12.7 ml) at -70° C. To this reaction mixture was added dropwise a solution of 2-allyloxycarbonyl- 
1-dimethylcarbamoyl-4-(1-hydroxyethyl)pyrazolidine (22 g) in dichloromethane (40 ml), and then was added 
dropwise triethylamine (56.5 mi) at -70* C. The reaction mixture was allowed to warm to room temperature. 
The precipitate was filtered off and the filtrate was concentrated in vacuo. The residue was poured into a 
mixture of ethyl acetate and 1N-aqueous hydrochloric acid, and the organic layer was extracted, washed 
so with brine, and dried over magnesium sulfate. Evaporation of the solvent gave a residual oil, which was 
chromatographed on silica gel eluting in turn with a mixture of hexane and ethyl acetate (1 :2, V/V) and ethyl 
acetate to give 4-acetyl-2-allyloxycarbonyl-1-dimethylcarbamoylpyrazolidine (21.3 g). 
IR (Nujol) : 1700 cm' 1 

NMR (CDCI 3) 5) : 2.20 (3H, s), 3.00 (6H, s), 3.30-3.96 (5H, m), 4.56-4.65 (2H, m), 5.12-5.41 (2H, m), 5.70- 
55 6.13 (1H, m) 



Preparation 25-3) 
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(SS^RH-^-^-Anyloxycarbonyl-l^ 
butyldimethylsilyloxyethyl]-2-oxoazetidine was obtained in 35.5% yield in substantially the same manner as 
that of Preparation 3. 
IR (Nujol) : 1700, 1750 cm" 1 

5 ' NMR (CDC1 3 , 5) : 0.08 (6H, s), 0.87 (9H, s), 1.22 <3H, d, J = 7Hz), 2.76-2.90 (3H, s), 3.00 (6H, s), 3.36-4.28 
(7H, m), 4.61-4.68 (2H, m), 5.12-5.38 (2H, m), 5.83-6.00 (1H, m), 6.20-6.27 (1H, m) 



Preparation 25-4) 

70 

Ailyl 2-[(3S,4R)-4-{2-(2-aliyloxycarbonyl-1 - dimethylcarbamoy lpyrazolidin-4-yi)-2-oxoethyl}-3-{(1 R)-1 - 
tert-butyldimethylsilyloxyethyl}-2-oxoazetidin-1-yl]-2-oxoacetate was obtained in 74.9% yield in substantially 
the same manner as that of Preparation 13-8). 
IR (Nujol) : 1690, 1750, 1805 cm" 1 
75 NMR (CDCI3, 5) : 0.07 (6H, s), 0.84 (9H, s), 1.25 (3H, d, J = 6Hz), 2.97 (3H, s). 2.99 (3H, s), 3.10-4.00 (9H, 
m), 4.30-4.65 (1H, m), 4.60-4.81 (4H t m), 5.20-5.50 (4H, m), 5.83-6.03 (2H, m) 



Preparation 26-1) 

20 

To a solution of (2S)-5-pyrrolidone-2-carboxylic acid (75 g) in methanol (580 ml) was added dropwise 
thionyl chloride (150 ml) at 0°C. After the addition, the reaction mixture was allowed to warm to room 
temperature and stirred for two hours. The solvent was removed in vacuo, and the residue was diluted with 
a mixture of ethyl acetate (1 i) t methanol (50 ml) and water (10 ml). To this mixture was added by portions 
25 potassium carbonate (50 g), and the mixture was stirred for two hours. The precipitate was filtered off, and 
the filtrate was dried over magnesium sulfate. Evaporation of the solvent gave methyl (2S)-5-pyrrolidone-2- 
carboxylate (82.5 g) as an oil. 
IR (Nujol) : 1700, 1745 cm" 1 

NMR (CDCI3, 5) : 2.20-2.60 (4H, m), 3.78 (3H, s), 4.23-4.30 (1H, m), 6.23 (1 H, br s) 

30 

Preparation 26-2) 

To a solution of methyl (2S)-5-pyrrolidone-2-carboxylate (80 g) in tetrahydrofuran (900 ml) was added 
35 sodium hydride (60% in oil, 23.5 g) by portions. After the addition, the reaction mixture was heated to 
60 °C, and benzyl bromide (69.8 ml) was added dropwise thereto. After 3 hours, the reaction mixture was 
cooled to room temperature and water (100 ml) was added dropwise thereto. The reaction mixture was 
poured into a mixture of ethyl acetate (2 1) and water (800 ml). The organic layer was separated, washed 
with brine, and dried over magnesium sulfate. Evaporation of the solvent gave an oil, which was 
40 chromatographed on silica get (2 I) eluting with a mixture of hexane and ethyl acetate (1:1—1:2, VA/) to 
give methyl (2S)-1-benzyl-5-pyrrolidone-2-carboxylate (100.8 g). 
IR (Nujol) : 1690, 1745 cm" 1 

NMR (CDCI3, 5) : 2.00-2.63 (4H, m), 3.67 (3H, s), 3.96-4.04 <2H, m), 5.02 (1H, d, J = 14Hz), 7.18-7.36 (5H, 
m) 

45 

Preparation 26-3) 

To a solution of methyl (2S)-1-benzyl-5-pyrrolidone-2-carboxylate^ (100 g) in tetrahydrofuran (1 i) was 
50 added lithium aluminum hydride (16.3 g) by portions with care at 0*C. After 30 minutes, to the reaction 
mixture were added dropwise in turn water (16.3 ml), 4N-aqueous sodium hydroxide (16.3 ml) and water 
(48.9 ml). The precipitate was filtered off, and the filtrate was evaporated in vacuo. The resultant was 
dissolved in dichloromethane (800 ml) and imidazole (40.85 g) was added thereto. To this solution was 
added dropwise a solution of tert-butyldimethylsilyl chloride (71.1 g) in dichloromethane (200 ml) at 0*C. 
55 After 3 hours, the precipitate was filtered off, the filtrate was poured into a mixture of ethyl acetate (2 i) and 
water (800 ml). The organic layer was separated and dried over magnesium sulfate. Evaporation of the 
solvent gave an oil, which was chromatographed on silica gel (2 I) eluting with a mixture of hexane and 
ethyl acetate (4:1 — 1:4) to give (5S)-1-benzyl-5-tert-butyldimethylsilyloxymethyl-2- pyrrolidone (105.34 g). 
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IR (Nujol) : 1700 cm" 1 

NMR (CDC1 3 . 5) : 0.08 (6H, s), 0.87 (9H, s), 1.80-2.62 (4H, m), 3.48-3.72 (3H, m), 4.03 (1H, d, J = 14Hz), 5.00 
(1H, d, J = 14Hz), 7.29 (5H, s) 

5 

Preparation 26-4) 

To a solution of diisopropylamine (53 ml) in tetrahydrofuran (250 ml) was added dropwise n-butyllithium 
(1.62N in n-hexane) at -70° C. After 30 minutes, to the reaction mixture was added dropwise a solution of 

70 (5S)-1-ben2yl-5-tert-butyldimethylsilyloxymethyl-2-pyrrolidone (109 g) in tetrahydrofuran (100 ml), and then 
to this mixture was added dropwise acetaldehyde (31 ml) and the mixture was allowed to warm to room 
temperature. After 3 hours, the reaction mixture was poured into a mixture of ethyl acetate (1 I) and 1N- 
hydrochloric acid (500 ml). The organic layer was separated, dried over magnesium sulfate, and con- 
centrated. The resulting oil was chromatographed on silica gel (500 ml) eluting with a mixture of hexane and 

75 ethyl acetate (1:4 — 1:2), and the active fractions were collected. Evaporation of the solvent gave a residual 
oil of (2S)-1-benzyl-5-tert-butyldimethyisilyloxymethyl-3-(1-hydroxyethyl)-2-pyrrolidone which was dissolved 
in tetrahydrofuran (300 ml). To this solution was added dropwise a suspension of sodium borohydride (37 g) 
and boron trifluoride diethyl ether complex (450 ml) in tetrahydrofuran (1.2 i) at 0°C. The reaction mixture 
was stirred for two days at room temperature. The reaction mixture was quenched carefully with methanol 

20 (500 ml) at 0° C and the remaining precipitate was filtered off. After removal of the solvent of the filtrate, the 
residue was diluted with a mixture of methanol (800 ml) and cone, hydrochloric acid (100 ml), and the 
mixture was stirred for 3 days at room temperature. After removal of the solvent in vacuo, the remaining 
solution was poured into a mixture of ethyl acetate (500 ml) and water (500 ml). The aqueous layer was 
separated and the pH was adjusted to 10.5. The aqueous layer was extracted with ethyl acetate (500 ml). 

25 The organic layer was separated and dried over magnesium sulfate. Evaporation of the solvent gave (2S)-1- 
benzyl-4-(1-hydroxyethyl)-2-hydroxymethylpyrrolidine (58.0 g). 
IR (Nujol) : 3350 cm" 1 

NMR (CDCI3, 5) : 1.03-1.18 (3H, m), 1.65-4.12 (11H, m), 7.30 (5H, s) 

30 

Preparation 26-5) 

(2S)-1-benzyl-4-(1-hydroxyethyt)-2-hydroxymethylpyrrolidine (59 g) was hydrogenated for 10 hours in a 
mixture of methanol (1 t) and cone, hydrochloric acid (18 ml) with palladium on carbon (50% wet, 13 g) 

35 and palladium hydroxide (7 g) as catalysts under 6 kg/cm 2 hydrogen pressure. The catalists were filtered 
off, and the filtrate was concentrated in vacuo. The residue was dissolved in a mixture of water (200 ml) and 
tetrahydrofuran (200 ml), cooled to 0°C, and the pH was adjusted to 9.0 with 4N-aqueous sodium 
hydroxide. To the resulting mixture was added dropwise ally! chloroformate (31 ml) at 0°C, while adjusting 
the pH between 8.0 and 8.5 with 4N-aqueous sodium hydroxide. The reaction mixture was extracted with 

40 ethyl acetate, and the organic layer was separated, washed with brine, and dried over magnesium sulfate. 
Evaporation of the solvent gave an oil, which was chromatographed on silica gel (800 ml) eluting with a 
mixture of hexane and ethyl acetate (1:2, VA/) to give (2S)-1-allyloxycarbonyl-4-(1-hydroxyethyl)-2-hydrox- 
ymethylpyrrolidine (31.68 g). 

NMR (CDFCI3. 5) : 1.18-1.26 (3H, m), 1.48-2.05 (3H, m), 3.13-4.12 (6H, m), 4.59-4.62 (2H, m), 5.20-5.36 (2H, 
45 m), 5.85-6.02 (1H, m) 



Preparation 26-6) 

50 To a solution of (2S)-1 -ally loxycarbonyl-4-(1-hydroxyethyl)-2-hydroxymethy [pyrrolidine (30 g) in acetone 
(300 ml) was added dropwise Jones' Reagent (2.67N, 245 ml) at 0°C. After stirring for 3^ hours, to the 
reaction mixture was added dropwise 2-propanol (500 ml), and the mixture was stirred at 0*C for 1 hour. 
The precipitate was filtered off and the filtrate was evaporated to give a residual oil, which was extracted 
with ethyl acetate and the organic layer was separated, washed with brine, dried over magnesium sulfate. 

55 Evaporation of the solvent gave (2S)-4-acetyl-1-allyloxycarbonyipyrroltdine-2-carboxylic acid (26.56 g). 
IR (Nujol) : 1700 cm" 1 

NMR (CDCU, 5) : 2.23 (3H, s), 2.15-2.60 (2H, m). 3.63-3.78 (2H, m), 4.39-4.70 (4H, m), 5.18-5.40 (2H, m), 
5.84-6.05 (1H, m) 
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Preparation 26-7) 

To a solution of (2S)-4-acetyl-1 -ally ioxycarbonylpyrrolidine-2-carboxy lie acid (23.27 g) in tetrahydrofuran 
(230 m!) were added in turn 1 -hydroxybenzotriazole hydrate (13.7 g), dimethylamine hydrochloride (8.27 g) 

5 and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (18.5 ml) at 0° C. After 2 hours, the reaction mixture was 
poured into a mixture of ethyl acetate and water, the organic layer was separated, washed twice with 
saturated aqueous sodium hydrogen carbonate and brine in turn. The solvent was dried over magnesium 
sulfate and removed in vacuo. The residue was chromatographed on silica gel (600 ml) eluting with a 
mixture of dichloromethane and acetone (6:1-*4:1) to give (2S)-4-acetyl-1-allyloxycarbonyl-2-dimethyicar- 

70 bamoylpyrrolidine (1 1 g). 
IR (Nujol) : 1650, 1705 cm" 1 

NMR (CDCb, 5) : 2.20 (3H, s), 1.99-2.53 (2H, m), 2.95-3.13 (6H, m), 3.40-4.00 (3H, m), 4.50-4.85 (3H, m), 
5.15-5.35 (2H, m), 5.75-6.00 (1H, m) 

75 

Preparation 26-8) 

(3S,4R)-4-[2-{(2S)-1-Allyloxycarbonyl-2-dim^ 
butyldimethylsilyloxyethyl]-2-oxoazetidine was obtained in 55.6% yield in substantially the same manner as 
20 that of Preparation 3. 

IR (Nujol) : 1650, 1700, 1750 cm H 

NMR (CDCb, 5) : 0.08 (6H, s), 0.87 (9H, s), 1.21 (3H t d, J = 7Hz), 1.8-2.5 (2H, m), 2.60-3.20 (2H, m), 2.96 
(3H, s), 3.12 (3H, s), 3.25-4.23 (6H, m), 4.52-4.65 (2H, m), 4.77-4.86 (1H, m), 5.11-5.36 (2H, m), 5.77-6.10 
<2H, m) 

25 

Preparation 26-9) 

Ailyl 2-[(3S,4R)-4-[2-{(2S)-1 -allyloxycarbonyl-2-dimethylcarbamoy lpyrrolidin-4-y l}-2-oxoethy l]-3-{(1 R)-1 - 
30 tert-butyldimethyisilyioxyethyI}-2-oxoazetidin-1-yl]-2-oxoacetate was obtained in 89% yield in substantially 
the same manner as that of preparation 13-8). 
IR (Nujol) : 1650, 1700, 1755, 1805 cm" 1 

NMR (CDCI 3l 5) : 0.08 (6H, s), 0.87 (9H, s), 1.23 (3H, d, J = 7Hz), 2.0-2.4 (2H, m), 2.97 (3H, s), 3.13 (3H, s), 
3.00-4.33 (6H, m), 4.57-4.84 (5H, m), 5.18-5.45 (4H, m), 5.78-6.05 (2H, m) 



Preparation 27-1 ) 

1-t-Butyloxycarbonyl-3-(1-hydroxyethyl)-2- oxopyrrolidine was obtained from 1-t-butyloxycarbonyl-2-ox- 
40 opyrrolidine in substantially the same manner as that of Preparation 28-1). 
IR (Neat) : 3400, 1780, 1710 cm" 1 
NMR (CDCI3, 5) : 1.1-1.4 (3H, m), 1.53 (9H, s) 



45 Preparation 27-2) 

To a solution of 1-t-butyloxycarbonyl-3-(1-hydroxyethyl)-2-oxopyrrolidine (15 g) in dichloromethane (200 
ml) were added 3,4-dihydro-2H-pyran (11.9 ml) and p-toluenesuifonic acid (1.2 g) at 0" C. After stirring for 1 
hour at the same temperature, the solution was washed in turn with saturated aqueous bicarbonate and 
50 brine. The dried solution was evaporated, and the obtained residue was chromatographed on silica gel 
eluting with a mixture of n-hexane and ethyl acetate (2:1 - 3:1, VA/) to give 1-t-buty!oxycarbonyl-3-{1- 
(tetrahydropyran-2-yloxy)ethyl}-2-oxopyrrolidine (18.4 g). 
IR (Neat) : 1780, 1710 cm' 1 

NMR (CDCI 3) 5) : 1.52 (9H, s), 1.1-1.4 (3H, m), 3.4-4.0 (4H, m), 4.1-4.4 (1H, m), 4.6-4.8 (1H, m) 



Preparation 27-3) 
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To a solution of 1-t-butyloxycarbonyl-3-{1-tetrahydropyran-2-yloxy)ethyl}-2-oxopyrrolidine (18.4 g) in 
tetrahydrofuran (160 ml) was added 1N-methyl magnesium bromide in tetrahydrofuran (100 ml) at 0°C. 
After stirring for 30 minutes, saturated aqueous ammonium chloride solution was added to the solution. The 
organic layer was separated, dried over magnesium sulfate, and evaporated in vacuo. The residue was 

5 dissolved in a mixture of tetrahydrofuran (100 ml) and methanol (100 ml), and sodium borohydride (5.8 g) 
was added to this solution at 0°C. After stirring for 1 hour at the same temperature, the solvent was 
evaporated and extracted with ethyl acetate. The organic layer was washed in turn with 1 N-hydrochloric 
acid, saturated sodium bicarbonate, and brine. The dried solution was evaporated and the obtained residue 
was chromatographed on silica gel eluting with a mixture of hexane and ethyl acetate (2:1, VA/) to give N-t- 

70 buty loxycarbonyi-N-{3-(1 -hydroxyethyl)-4-(tetrahydropyran-2-yloxy)pentyl}amine (1 3.5 g). 
IR (Neat) : 3400, 1700 cm" 1 

NMR (CDCh, 6) : 1.43 <9H, s), 1.1-1.4 (6H, m), 3.0-3.3 (2H, m), 4.5-4.7 (1H, m), 4.7-5.1 (1H, m) 



15 Preparation 27-4) 

N-t-Butyloxycarbonyl-N-{3-(1-methanesulfonyloxyethyl)-4-(tetrahydropyran-2-yloxy)pentyl}amine was 
obtained in substantially the same manner as that of Preparation 10-2). 
IR (Neat) : 3350, 1700 cm" 1 
20 NMR (CDCh, 5) : 1.1-1.4 (6H, m), 1.44 (9H, s), 2.95-3.1 (3H, m), 4.5-5.3 (2H. m) 



Preparation 27-5) 

25 To a solution of N-t-butyloxycarbonyl-N-{3-(1 -methanesulfonyloxyethyl)-4-(tetrahydropyran-2-yloxy)- 
pentyl}amine (17 g) in dimethylformamide (200 ml) was added sodium hydride (6.6 g in 60% oil) at 0°C. 
After stirring for 4 hours at 38° C, the solution was poured into a mixture of ethyl acetate (400 ml) and water 
(400 ml). The organic layer was washed with water, 1 N-hydrochloride sclution, saturated sodium bicar- 
bonate, and brine successively. The dried solution was evaporated and then the residue was chromatog- 

30 raphed on silica gel eluting with a mixture of hexane and ethyl acetate (3:1, VA/) to give 1-t- 
butyloxycarbonyi-2-methyl-3-(1-tetrahydropyranyloxy ethyl)pyrrolidine (10.5 g). 
IR (Neat) : 1690 cm"' 

NMR (CDCh, 5) : 1.1-1.4 (6H, m), 1.45 (9H, s), 4.5-4.8 (1H, m) 

35 

Preparation 27-6) 

To a solution of 1-t-butyloxycarbonyl-2-methy!-3-(1-tetrahydropyranyloxyethyl)pyrrolidine (10.2 g) in 
acetic acid (100 ml) was added 6N-hydrochloric acid solution (100 ml) at ambient temperature. After stirring 

40 for 12 hours, the solvent was evaporated. The residue was dissolved into a mixture of tetrahydrofuran (50 
ml) and water (50 ml). To the solution was dropwise added allyl chloroformate (4.1 ml) at 0°C,while 
adjusting pH to 9 - 10 with 30% aqueous sodium hydroxide solution. The mixture was extracted with ethyl 
acetate, and then the organic layer was washed with brine and dried over magnesium sulfate. The solvent 
was evaporated to give 1-t-butyloxycarbonyl-3-(1-hydroxyethyl)-2-methylpyrrolidine (7.45 g). 

45 IR (Neat) : 3400, 1680 cm" 1 

NMR (CDCI 3 , 5) : 1.1-1.4 (6H, m), 3.2-4.0 (4H, m), 4.4-4.7 (2H, m), 5.1-5.4(2H t m), 5.8-6.0 (1H, m) 



Preparation 27-7) 

so 

3-Acety 1-1 -ally loxycarbonyl-2-methylpyrroIidine was obtained in 73.2% yield in substantially the same 
manner as that of Preparation 24-3). 
IR (Neat) : 1690-1710 cm" 1 

NMR (CDCh, 5) : 1.2-1.4 (3H, m), 2.21 (3H, s), 2.75-2.90 (1H, m), 4.5-4.6 (2H, rn), 5.1-5.4 (2H, m), 5.8-6.0 
55 (1 H, m) 



Preparation 27-8) 
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(3S,4R)-4-[2-(1 -Allyloxycarbonyl-2-methy lpyrrolidin-3-yl)-2-oxoethyl]-3-[(1 R)-1 -t- 
butyldimethylsilyIoxyethyl]-2-oxoazetidine was obtained in 59.6% yield in substantially the same manner as 
that of Preparation 3. 
IR (Neat) : 3250, 1750, 1700 cm" 1 
5 NMR (CDCI 3 , 5) : 0.06, 0.07 (6H, each s), 0.87 (9H, s), 1.1-1.4 <6H, m), 2.6-3.0 <3H, m), 4.5-4.6 (2H, m), 5.1- 
5.4 (2H, m) t 5.8-6.1 (2H, m) 



Preparation 28-1) 

10 

To a solution of lithium diisopropylamide (4.7 x 10~ 1 mole) in tetrahydrofuran was added a solution of 1- 
ben2yl-4-(t-butyldimethylsilyloxymethyl)-2-oxopyrrolidine (1.0 g) in tetrahydrofuran (20 ml) at -78 °C under 
nitrogen. The mixture was stirred for 30 minutes at -78° C, and acetaldehyde (5 ml) was added to the 
reaction mixture. After stirring for 30 minutes at -78" C, the solution was poured into ice water, and sodium 

75 chloride was added to saturate the aqueous phase. The organic phase was separated and the aqueous 
phase was extracted with ethyl acetate. The combined organic phase was dried over magnesium sulfate, 
and concentrated. The residue was chromatographed on silica gel eluting with a mixture of n-hexane and 
ethyl acetate (3:1 ~ 2:1, V/V) to give 1-benzyl-3-(1-hydroxyethyl)-4-(t-butyldimethylsilyloxymethyl)-2- 
oxopyrrolidine (1.01 g). 

20 IR (Neat) : 3400, 1665 cm" 1 

NMR (CDCI 3 , 5) : 0.08 (6H, s), 0.85 (9H, s), 3.0-3.4 (4H, m), 3.5-3.7 (2H t m). 3.9-4.4 (1H, m). 4.45 (1H, br s), 
7.1-7.4 (5H, m) 



25 Preparation 28-2) 

1-Benzyl-3-(1-hydroxyethyl)-4-(hydroxymethyl)pyrrolidine was obtained quantitatively by reacting with a 
suspension of sodium borohydride and boron trifluoride and then with hydrochloric acid in substantially the 
same manner as that of Preparation 26-4). 
30 IR (Neat) : 3350 cm" 1 

NMR (D 2 0, 5) : 1.1-1.3 (3H, m), 3.4-4.1 (7H, m), 7.2-7.4 (5H, m) 



Preparation 28-3) 

1-Allyloxycarbonyl-3-(1-hydroxyethyi)-4-(hydroxymethyl)pyrrolidine was obtained in 87.0% yield in sub- 
stantially the same manner as that of Preparation 26-5). 
IR (Neat) : 3400, 1680 cm" 1 

NMR (CDCI3, 5) : 1.1-1-4 (3H, m), 4.5-4.6 (2H, m), 5.1-5.5 (2H, m), 5.8-6.0 (1H, m) 



Preparation 28-4) 

1-Allyloxycarbonyl-4-(t-butyldimethylsilyloxymethyl)-3-(1-hydroxyethyl)pyrrolidine was obtained in 30.9% 
45 yield by reacting with about 1 -equivalent of tert-butyldimethylsilyl chloride in substantially the same manner 
as that of Preparation 14-1). 
IR (Neat.) : 3400, 1690 cm" 1 

NMR (CDCI3, 5) : 0.08 (6H, s), 0.91 (9H, s), 1.24 (3H, d, J = 7Hz), 4.5-4.7 (2H, m), 5.1-5.4 (2H, m), 5.8-6.0 
(1H, m) 



Preparation 28-5) 

3-Acetyl-1-allyloxycarbonyl-4-(t-butyldimethylsilyloxymethyl)pyrrolidine was obtained in 92.4% yield in 
55 substantially the same manner as that of Preparation 24-3). 
IR (Neat). 1705 cm" 1 

NMR(CDCI 3 , 5) : 0.08 (6H, s), 0.90 (9H, s), 2.17 (3H, s), 3.0-3.4 (2H, m), 3.5-3.8 (5H f m), 4.5-4.6 (2H, m). 
5.1-5.3 (2H, m), 5.8-6.0 (1 H, m) 
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Preparation 28-6) 

(3S,4R)-4-[2-{1 -Allyloxycarbo^ 
butyldimethylsilyloxyethyl]-2-oxoazetidine was obtained in 54.8% yield in substantially the same manner as 
5 that of Preparation 3. 

IR (Neat) : 3250, 1750, 1700 cm~ : 

NMR (CDCI 3 , 5) : 0.07, 0.06 (6H, each s), 0.86, 0.88 (9H, each s), 1.24 (3H, d, J = 7Hz), 3.4-3.8 (4H, m), 3.9- 
4.2 (2H, m), 4.5-4.6 (2H, m), 5.1-5.3 (2H, m), 5.8-6.0 (1H, m), 6.03 (1H, br s) 

10 

Preparation 29-1) 

To a solution of (R)-thiazolidine-4-carboxyiic acid (20.0 g) in a mixture of water (100 ml) and 
tetrahydrofuran (100 ml) was added a solution of 4-nitrobenzyloxycarbonyl chloride (32.4 g) in 
15 tetrahydrofuran (60 ml) under ice-cooiing with stirring, keeping the pH between 8.5 and 9.0 with 4N aqueous 
sodium hydroxide. After stirring for 30 minutes, the mixture was adjusted to pH 1 with concentrated 
hydrochloric acid, extracted with ethyl acetate, dried over magnesium sulfate, and evaporated under 
reduced pressure to give <R)-3-(4-nitrobenzyloxycarbonyl)thiazoIidine-4-carboxylic acid (54.5 g) as a crude 
syrup. 

20 IR (Neat) : 1720-1680 cm" 1 



Preparation 29-2) 

25 5-[(4R)-3-(4-Nitrobenzyloxycarbonyl)thiazolidin-4-yl]carbonyl-2,2-dimethyl-1 ,3-dioxane-4,6-dione was ob- 
tained in 75.4% yield in substantially the same manner as that of Preparation 20-3). 
IR (CHCI3) : 1725-1660 cm' 1 



30 Preparation 29-3) 

(4R)-4-Acetyl-3-(4-nitrobenzyloxycarbonyl)thiazolidine was obtained in 56.5% in substantially the same 
manner as that of Preparation 20-4). 
IR (Nujol) : 1725, 1690 cm" 1 
35 NMR (CDCI3, S) : 2.25 (3H, s), 3.1-3.45 (2H, m), 4.5-5.0 (3H, m), 5.29 (2H, s), 7.45-7.6 (2H, m). 8.15-8.25 
(2H, m) 



Preparation 29-4) 

40 

(3S,4R)-3-[(1 R)-1-tert-ButyldimethylsilyloxyethyI]-4-[2-{(4R)-3-(4-nitrobenzyloxycarbonyl)thiazolidin-4- 
yl}-2-oxoethyl]-2-oxoazetidine was obtained in 61.8% yield in substantially the same manner as that of 
Preparation 20-5). 
IR (CHCb) : 1755, 1705 cm" 1 
45 NMR (CDCb. 5) : 0.05 (6H, s), 0.85 (9H, s), 1.18 (3H, d, J = 5.6Hz) 



Preparation 29-5) 

50 4-Nitrobenzyl-2-[(3S,4R)-3-{(1R)-1-tert-butyldimethylsilyloxyethyl}-4-[2-{(4R)-3-(4- 

nitrobenzyloxycarbonyl)thiazoiidin-4-yl}-2-oxoethyl]-2-oxoazetidin-1-yl]-2-oxoacetate was obtained in 80.7% 
yield in substantially the same manner as that of Preparation 20-6). 
IR (CHCb) : 1805, 1755-1685 cm" 1 

55 

Preparation 30-1) 

To a suspension of (2S,3R)-2-(benzyloxycarbonylamino)-3-hydroxybutyric acid (100 g) and 1-hydrox- 

60 
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ybenzotriazole (53.5 g) in tetrahydrofuran (800 ml) was added portionwise 1-(3-dimethylaminopropy!)-3- 

ethylcarbodiimide hydrochloride (75.6 g) at -10 - 0° C and the mixture was stirred at the same temperature 

for one hour. This cold mixture was added dropwise to concentrated ammonia water (800 ml) at 0 - 10 C. 

The mixture was stirred at 0 - 10° C for two hours and ethyl acetate (1.6 I) was added to this mixture. The 
5 organic layer was washed with water, 1N hydrochloric acid, saturated aqueous sodium hydrogen carbonate 

solution, and brine, in turn, dried over magnesium sulfate, and concentrated under reduced pressure to give 

a syrup. The syrup was triturated to give (2S,3R)-2-(benzyloxycarbonylamino)-3-hydroxybutylamide (71.3 g) 

as a solid. 

mp : 96-98* C 
w IR (Nujol) : 3450-3200, 1660-1650 cm" 1 

NMR (CDCI 3 . 5) : 1*10 (3H, d, J = 5.6Hz), 4.0-4.2 (2H, m), 4.29 (2H, br s), 5.06 (2H, s), 6.29 (1H, d, 

J = 8.3Hz), 6.62 (1H, s), 6.84 <1H, s), 7.29 (5H, s) 



75 Preparation 30-2) 

To a solution of (2S,3R)-2-benzyloxycarbonyi-3-hydroxybutylamide (71.1 g) in tetrahydrofuran (1.4 i) 
was added borane-dimethyi sulfide complex (85 ml) under ice-cooling with stirring and the mixture was 
stirred at ambient temperature for 2 days. To the mixture was added dropwise methanol (220 ml) under ice- 

20 cooling. The mixture was concentrated under reduced pressure to give a residue. The residue was 
dissolved in methanol. To this solution was added a solution of hydrogen chloride (37.5 g) in methanol (250 
ml) and the solution was stirred at ambient temperature for 24 hours. The solution was concentrated under 
reduced pressure to give a syrup. To a solution of the syrup in a mixture of water (350 ml) and 
tetrahydrofuran (350 ml) was added a solution of benzyl chloroformate (40.1 ml) in tetrahydrofuran (120 ml) 

25 under ice-cooling with stirring, while keeping the pH between 8.5-9.5 with 4N aqueous sodium hydroxide. 
After stirring for 30 minutes, the mixture was extracted with ethyl acetate (700 ml), dried over magnesium 
sulfate, and evaporated under reduced pressure to give a syrup. The syrup was subjected to a column 
chromatography on silica gel (710 g) and eluted with a mixture of methanol and chloroform (1:99. V/V) to 
give (2R,3R)-1,2-bis[benzyloxycarbonylamtno)-3-hydroxybutane (74.16 g) as a syrup. 

30 IR (Neat) : 3450-3300, 1720-1680 cm" 1 
NMR (CDCI3, 5) : 1.16 (3H, d, J = 6.4Hz) 



Preparation 30-3) 

35 A 
A solution of (2R,3R)-1 ,2-bis(benzyloxycarbonyIamino)-3-hydroxybutane (80.5 g) in methanol (800 ml) 
was hydrogenated under atmospheric pressure of hydrogen over palladium on carbon (10%, 8 g) for 5 
hours at ambient temperature. The catalyst was filtered off and the filtrate was concentrated under reduced 
pressure to give a syrup. To a solution of the syrup in a mixture of water (400 ml) and tetrahydrofuran (400 

40 ml) was added a solution of allyl chloroformate (45.8 ml) in tetrahydrofuran (90 ml) under ice-cooling with 
stirring, keeping the pH between 8.5 and 9.5 with 4N aqueous sodium hydroxide. After stirring for one hour, 
the mixture was extracted with ethyl acetate (800 ml), washed with brine (400 ml), dried over magnesium 
sulfate, and concentrated under reduced pressure to give a syrup. The syrup was subjected to a column 
chromatography on silica gel (600 g) and eluted with a mixture of methanol and chloroform (1:99, V/V) to 

45 give (2R f 3R)-1,2-bis(allyloxycarbonylamino)-3-hydroxybutane (41.78 g) as a syrup. 
IR (Neat) : 3400-3300, 1730-1675 cm' 1 
NMR (CDCI3, 5) : 1.19 (3H, d, J = 6.4Hz) 



so Preparation 30-4) 

(2R)-1,2-Bis(allyloxycarbonylamino)-3-oxobutane was obtained in 79.3% yield in substantially the same 
manner as that of Preparation 24-2). 
IR (Neat) : 3450, 1730-1680 cm" 1 
55 NMR (CDCI 3 , 5) : 2.31 (3H, s) 



Preparation 30-5) 
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(3S,4R)-4-[(3R)-3^Bis(allyloxycarbo^ 
oxoazetidine was obtained in 66.9% yield in substantially the same manner as that of Preparation 3. 
IR (Neat) : 3325, 1755-1700 cm" 1 

NMR (CDCh, 5) : 0.05 (6H, s), 0.85 <9H, s), 1 .18 (3H t d, J =6.3Hz) 



Preparation 30-6) 

Allyl 2-[(3S,4R)-4-{(3R)-3,4-bis(allyloxyca^ 
io ethyl}-2-oxoazetidin-1-y!]-2-oxoacetate was obtained in 88.6% yield in substantially the same manner as 
that of Preparation 13-8). 
IR (Neat) : 3350, 1805, 1760-1685 cm" 1 

NMR (CDCh, 5) : 0.03 (3H, s), 0.07 (3H. s), 0.84 (9H, s), 1.23 (3H, d, J = 7.2Hz) 



75 

Preparation 30-7) 



Allyl (5R,6S)-3-[(1 S)-1 ,2-bis[alfyloxycarbonylamino)ethyl]-6-[(1 R)-1 -tert-butyldimethylsilyloxyethyl]-7-oxo- 
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 70.8% yield in substantially the same manner 
20 as that of Example 6. 

IR (CHCI 3 ) : 3340, 1775, 1725-1700 cm" 1 

NMR (CDCI3, 6) : 0.07 (6H, s), 0.90 (9H, s), 1.16 (3H, d, J = 6.2Hz) 



25 Preparation 30-8) 

Allyl (5R,6S)-3-[(1 S)-1 ,2-bis(allyloxycarbonylamino) ethyl]-6-[(1 R)-1-hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]- 
hept-2-ene-2-carboxylate was obtained in 65.0% yield in substantially the same manner as that of Example 
7. 

30 IR (Nujol) : 3400-3300, 1775-1760, 1725-1685 cm H 
NMR (CDCI3, 5) : 1.33 (3H, d, J = 6.3Hz) 

Preparation 30-9) 

35 (5R,6S)-3-[(1 S)-1 ,2-Diaminoethyl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2- 

carboxylic acid was obtained quantitatively as a crude solid in substantially the same manner as that of 
Example 9. 

IR (Nujol) : 1765-1745 cm" 1 

40 

Example 1-1) 




Allyl 2-[(3S,4R)-4-{2-(1 -allyloxycarbonyl-1 ,2,3,6-tetrahydropyridin-4-yl)-2-oxoethyl}T3-{(1 R)-1 -t- 

butyldimethylsilyloxyethyl}-2-oxoazetidin-1-yl]-2-triphenylphosphoranylideneacetate (2.0 g) was dissolved in 
degassed toluene (40 ml) and the solution was heated to reflux for 8 hours. Evaporation of the solvent gave 
a residue, which was chromatographed on silica gel (50 g) eluting with a mixture of n-hexane and ethyl 
acetate (19:1-7:3 V/V) to give allyl (5R,6S)-3-(1 -allyloxycarbonyl-1 ,2.3,6-tetrahydropyridin-4-yl)-6-[(1 R)-1-t- 
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butyldimethylsilyloxyethyI]-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.94 g). 
IR (CH 2 CI 2 ) : 1775, 170.0 cm" 1 

NMR (CDCI3, 6) : 0.10 (6H, s), 0.91 (9H, s), 1.26 (3H, d, J = 6Hz), 2.13-2.70 (2H, m), 2.87-3.20 (3H, m). 3.23- 
3.90 (2H, m), 4.00-4.36 (4H, m), 4.50-4.82 (4H, m), 5.10-5.55 (4H, m), 5.65-6.20 (3H, m) 

5 

Example 1-2) 




Ally I (5R,6S)-3-(1 -allytoxycarbonyl-3-pyrrolin-3-y l)-6-[(1 R)-1 -t-buty Idimethylsilyloxyethy l]-7-oxo-1 - 

azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 77.0% yield in substantially the same manner as 
that of Example 1-1). 
IR (CHCI3) : 1780, 1700 cm" 1 

NMR (CDCI3, 5) : 0.10 (6H, s), 0.90 (9H, s), 1.25 (3H, d, J = 6.0Hz), 2.90-3.20 (3H, m), 4.00-4.40 (6H, m), 
4.50-4.80 (4H, m), 5.08-5.52 (4H t m), 5.66-6.20 (3H, m) 



Example 2-1) 

30 



35 




40 

To a solution of ally! (5R,6S)-3-(1 -ally loxycarbony 1-1 ,2,3,6-tetrahydropyridin-4-yl)-6-[(1 R)-1-t- 
butyldimethy!silyloxyethyl]-7-oxo-1«azabicyc!o[3.2.0]hept-2-ene-2-carboxylate (0.94 g) in tetrahydrofuran (38' 
ml) were added dropwise acetic acid (1.65 m!) and a solution of tetrabutylammonium fluoride in 

.45 tetrahydrofuran (1M, 9.6 ml) at 0* C. After standing at ambient temperature for 8 hours, the reaction mixture 
was taken up into a mixture of ethyl acetate (300 ml) and water (300 ml). After adjusting pH to around 7 
with aqueous sodium hydrogen carbonate the organic layer was separated washed in turn with water and 
brine and dried over magnesium sulfate. Evaporation of the solvent gave a residue, which was chromatog- 
raphed on silica gel (25 g) eluting with a mixture of n-hexane and ethyl acetate (9:1-3:7, V/V) to give allyl 

50 (5R, 6S)-3-(1 -allyloxycarbonyl-1 ,2,3,6-tetrahydropyridin-4-yl)-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo- 
[3.2.0]hept-2-ene-2-carboxylate (281 mg). 
IR (CH 2 CI 2 ) : 1780, 1700 cm" 1 

NMR (CDCb, 5) : 1.38 (3H, d, J = 7Hz), 2.15-2.50 (2H, m), 3.05 (2H, d, J = 9Hz), 3.19 (1H, dd, J = 3, 7Hz), 
3.30-3.96 (2H, m), 3.96-4.40 (4H, m), 4.50-4.88 (4H, m), 5.10-5.60 (4H, m), 5.65-6.23 (3H, m) 

55 

Example 2-2) 
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10 



75 




COO 



coo 

Allyl (5R,6S)-3-(1 -allyloxycarbonyl-3-pyrrolin-3-yl)-6-[(1 R)-1 -hydroxyethy[]-7-oxo-1-azabicyclo[3.2.0]hept- 
2-ene-2-carboxylate was obtained in 57.2% yield in substantially the same manner as that of Example 2-1). 
IR (CHCI 3 ) : 1780, 1700 cm" 1 

NMR (CDCI3, 5) : 1.33 (3H, d, J = 6.0Hz), 2.63 (1H, br s), 3.12 (2H, m), 3.22 (1H, dd, J = 3.0 and 6.0Hz), 
4.00-4.90 (10H, m), 5.00-5.60 (4H, m), 5.60-6.20 (3H, m) 



20 



25 



Example 3-1 ) 



HO 



H H 




NH 



COOH 



30 



35 



40 



45 



To a solution of allyl (5R,6S)-3-(1-allyloxycarbonyl-1 ,2,3,6-tetrahydropyridin-4-yl)-6-[(1 R)-1- 
hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.280 g) in tetrahydrofuran (9 ml) were 
added successively triphenylphosphine (0.094 g), 5,5-dimethyl-1 ,3-cyclohexanedione (dimedone) (0.201 g) 
and tetrakis(triphenylphosphine) palladium(O) (41.5 mg). After stirring at ambient temperature for 1 hour, the 
mixture was poured into a mixture of cold water (50 ml) and ethyl acetate (30 ml). The separated aqueous 
layer was washed with ethyl acetate (30 ml x 2) and concentrated in vacuo to remove the organic solvent. 
The residue was chromatographed on acid aluminum oxide (3 ml) eluting with water. The fractions 
containing the desired compound were collected and chromatographed on nonionic adsorption resin, 
"Diaion HP-20" (Trademark, made by Mitsubishi Chemical Industries) (20 ml) eluting with water. The 
fractions containing the desired compound were collected and lyophilized to give (5R t 6S)-6-[(1 R)-1- 
hydroxyethyi]-7-oxo-3-(1 t 2,3,6-tetrahydropyridin-4-yl)-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (68 
mg). 

IR (Nujol) : 3250, 1745 cm" 1 

NMR (D 2 0, 5) : 1.31 (3H, d, J = 7Hz), 2.20-2.88 (2H, m), 2.88-3.20 (2H, m), 3.20-3.56 (3H, m), 3.70-3.95 (2H, 
m), 4.02-4.40 (2H, m), 5.55-5.83 (1H, m) 
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(5R,6S)-6-[(1 R)-1 -Hydroxyethy i]-7-oxo-3-(3-pyrrolin-3-y l)-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid 
was obtained in 79.0% yield in substantially the same manner as that of Example 3-1). 
IR (Nujol) : 3300, 1760 cm" 1 

NMR (D 2 0, 5) : 1.29 (3H, d, J = 6.0Hz), 3.10 (1H, d, J = 11.0Hz), 3.00-3.22 (2H, m), 3.46 (1H, dd, J = 3.0 and 
5 6.0Hz), 3.90-4.85 (6H, m), 5.89 (1 H, m) 



70 



15 



20 



25 



30 



35 



Example 4 



+SiO 




N-COO 



coo 

To a solution of (3S,4R)-4-[2-(1 -allyloxycarbonylpyrrolidin-3-yl)-2-oxoethyl]-3-[(1 R)-1 -t- 
butyidimethylsiiyloxyethyl]-2-oxoazetidine (2.13 g) and triethylamine (1.4 ml) in dichloromethane (30 ml) was 
added allyl oxalyl chloride (1.1 g) at -20 *C under nitrogen, and the resulting mixture was stirred for 30 
minutes at -20° C. The reaction mixture was taken up into a mixture of water and ethyl acetate. The organic 
layer was separated, washed in turn with water, aqueous sodium hydrogen carbonate and brine, dried over 
magnesium sulfate, and evaporated. To a solution of the residue in xylene (30 ml) was added triethyl 
phosphite (5.2 ml). The resulting mixture was heated at 90° C for 15 hours under nitrogen, and then to the 
mixture was added hydroquinone (0.9 g) and the mixture was heated at 130° C for 2 hours under nitrogen. 
Evaporation of the solvent gave a residue, which was chromatographed on silica gel eluting with a mixture 
of n-hexane and ethyl acetate (4:1, V/V) to give allyl (5R,6S)-3-(1-allyloxycarbonylpyrrolidin-3-yl)-6-[(1R)-1-t- 
butyldimethylsilyloxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (2.9 g). 

IR (CH 2 CI 2 ) : 1775, 1690-1710 cm" 1 * .' 

NMR (CDCI3, 5) : 0.14 (6H, s), 0.81 (9H, s), 1.9-2.2 (2H, m), 2.8-3.8 (6H, m), 3.9-4.2 (4H, m), 4.3-4.9 <4H, 
m), 5.1-5.4 (4H, m), 5.8-6.0 (2H, m) 
. The following compounds were obtained in substantially the same manner as that of Example 4. 



Example 5-1) 



40 



45 



50 



I 

+SiO 



H H 




COO 



55 



IR (CH2CI2) : 1765, 1690 cm" 1 
NMR (CDCI3, 5) : 0.03 (6H, s), 0.92 (9H, s), 1.22 (3H, d, J=6Hz), 1.60-2.39 <4H, m), 4.42-4.83 (4H, m), 5.19- 
5.43 (4H, m), 5.64-6.18 (2H, m) 



Example 5-2) 
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+SlO 



H H 





I 

OSi + 
i 



70 



coo^ coo^ 



IR (CH 2 CI 2 ) : 1780, 1710 cm" 1 
NMR (CDCb, 5) : 0.03 (12H, s), 0.93 (18H, s), 2.52-2.97 (2H, m), 2.98-3.02 (1H, m), 3.20-3.43 (1H, m), 4.48- 
75 4.81 (4H, m), 5.00-5.58 (4H, m), 5.62-6.00 (2H, m) 

Example 5-3) 

20 



25 



30 




N-COO 



COO 

IR (CH 2 CI 2 ) : 1770, 1690 cm" 1 
NMR (CDCb, 5) : 0.03 (6H, s), 0.90 (9H, s), 2.50-2.95 (4H, m), 2.98-3.05 (1H, m), 4.50-4.70 (4H, rn), 5.10- 
5.62 (4H, m), 5.85-6.02 (2H, m) 



35 



Example 5-4) 



40 



45 



+SiO 

I p H H 




COO 



✓N^ COO < /r ^ 



50 IR (CH3CI2) : 1770, 1690 cm H 

NMR (CDCb, 5) : 0.03 (6H, s), 0.90 (9H, s). 1.13 (3H, d, J=6Hz), 2.4-3.0 (5H, m), 3.2-3.5 (1H, m), 3.9-4.2 
(4H, m), 4.4-4.8 (4H, m), 5.0-5.4 (4H, m), 5.6-6.0 (2H, m) 



55 



Example 5-5) 
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I 

+SiO 



5 




/V 



IR (CHCb): 1765, 1710, 1680 cm" 1 
NMR (CDCl 3 , 5): 0.08 (6H, s), 0.88 <9H, s), 1.30 (3H, d, J = 7 Hz), 2.15-2.40 (2H, m), 2.98 (2H, d, J = 9 Hz), 
3.10 (1H, dd, J = 3, 6 Hz), 3.40-3.65 (2H, m), 3.90-4.25 (4H, m), 4.50-4.75 (4H; m). 5.05-5.55 (4H, m), 5.67- 
6.15 (3H, m) 



Example 5-6) 




35 



IR (CHCb) : 1775, 1695 cm" 1 
NMR (CDCI3, 5) : 0.08 (6H, s), 0.12 (6H, s), 0.92 (18H, s), 1.28 (3H, d, J = 7Hz), 2.95-3.20 (2H, m), 3.50-4.50 
(7H. m), 4.50-4.80 (4H, m), 5.10-5.52 (4H, m), 5.70-6.20 (3H, m) 



Example 6 



40 



45 



=SiO 



H H 




COOPNB 



To a solution of 4-nitrobenzyI 2-[(3S,4R)-4-{2-(1-benzyloxycarbonyi-1 ,2,3,6-tetrahydropyridin-4-yl)-2- 
oxoethyl}-3-{(1R)-1-trimethylsiIyloxyethyl}-2-oxoazetidin-1-yl]-2-oxoacetate (4.73 g) and triethyl phosphite 
(6.2 mi) in toluene (70 ml) was heated under reflux for 2 hours under nitrogen atmosphere. To this solution 
was added hydroquinone (800 mg), and the reflux was continued for additional 6 hours. The solvent was 
removed in vacuo to give a residue, which was chromatographed on silica gel (400 ml) eluting with a 
mixture of hexan and ethyl acetate (4:1 v/v) to give 4-nitrobenzyl (5R t 6S)-3-(1-benzyloxycarbonyl-1 ,2,3,6- 
tetrahydropyridin-4-yl)-6-[(1R)-^ 
(3.77 g). 
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IR (Nujol) : 1660-1745 cm- 1 

NMR (CDCb, 6) : 1.09 (9H, s), 1.23 (3H, d, J = 7Hz). 2.04-2.39 (2H, m), 2.90-3.20 (3H, m), 3.28-3.67 (2H, m), 
3.90-4.26 (4H, m), 5.08 (2H, s). 5.26 <2H, d, J = 8Hz). 5.66-5.76 (1H, m), 7.27 (5H. s} ( 7.47-7.58 (2H, m), 
8.07-8.17 (2H, m) 



Example 7 



w 



75 




CO' 



20 



25 



30 



To a solution of allyl (5R,6S)-3-(1-allyloxycarbonylpyrrolidin-3-yI)-6-[(1 R)-1-t-butyldimethylsilyloxyethyl]- 
7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (2.9 g) in tetrahydrofuran (30 ml) were added acetic acid 
(3.3 ml) and a 1M solution of tetrabutylammonium fluoride in tetrahydrofuran (28.7 ml) at 0°C under 
nitrogen. After standing at ambient temperature for 7 hours and additionally at 5°C for 14 hours, the 
reaction mixture was taken up into a mixture of ethyl acetate and water. After adjusting pH to around 7 with 
an aqueous sodium hydrogen carbonate, the organic layer was separated, washed in turn with water and 
brine, and dried over magnesium sulfate. Removal of the solvent gave a residue, which was chromatog- 
raphed on silica gel eluting with a mixture of n-hexane and ethyl acetate (1:2, V7V) to give allyl (5R,6S)-3-(1- 
a!lyloxycarbonylpyrrolidin-3-yI)-6-t(1R)-1-hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
(0.94 g). 

IR (CH2CI2) : 3300-3400, 1770-1780, 1680-1710 cm' 1 

NMR (CDCb, 5) : 1:8-2.2 (2H, m) t 2.8-3.9 (7H, m), 4.0-4.2 (2H, m), 4.5-5.0 <4H, m), 5.1-5.7 (4H, m), 5.8-6.1 
(2H, m) 

The following compounds were obtained in substantially the same manner as that of Example 7. 



35 



Example 8-1) 



40 



45 



OH 





COO 



coo^^ 



IR (CH2CI2) : 3300-3400. 1775, 1690-1710 cm' 1 
NMR (CDCb, 5) : 1.56-2.22 (4H, m), 4.02-4.40 (2H, m), 4.40-4.88 (4H, m), 5.09-5.47 (4H, m), 5.78-6.12 (2H, 

so m > 



Example 8-2) 



55 
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10 



15 



COO 



IR (CH 2 CI 2 ) : 3400, 1770, 1680-1710 cm' 1 

NMR (CDCI 3 , *) : 1.31 (3H, d, J = 6Hz), 3.18-3.77 (2H, m), 4.17-4.30 (2H, m), 4.31-4.85 (4H, m), 5.08-5.61 
(4H, m), 5.72-6.08 (2H, m) 

Example 8-3) 



20 



25 



OH 




IR (CH2CI2) : 3400, 1775, 1690-1705 cm- 1 
30 NMR (CDCb, 6) : 2.60-3.20 (3H, m), 4.42-4.83 <4H, m), 5.18-5.60 (4H, m), 5.81-6.07 (2H, m) 



Example 8-4) 



35 



40 




COO 



45 IR (CH2CI2) : 3100, 1780, 1690 cm" 1 

NMR (CDCI3, 5) : 1.33 (3H, d, J = 6Hz), 2.6-3.4 (6H, m), 4.0-4.3 (4H, m), 4.4-4.9 (4H, m), 5.0-5.5 (4H t m), 
5.8-6.0 (2H, m) 



50 



Example 8-5) 



55 



69 



BNSOOCID: <EP 0394991 A1_l_> 



EP 0 394 991 A1 



5 




IR (CHCl 3 ): 3400, 1760, 1700. 1680 cm" 1 
NMR (CDCI 3 . 6): 1.33 <3H, d, J = 7 Hz), 2.10-2.40 (3H, m), 3.02 (2H, d, J = 9 Hz), 3.15 (1H, dd, J = 7, 3 Hz), 
3.55 (2H, m). 4.00-4.30 (4H, m) t 4.45-4.80 (4H, m). 5.05-5.50 (4H, m), 5.65-6.15 (3H, m) 



Example 8-6) 



20 



25 




IR (CHCb) : 3400, 1775, 1680 cm" 1 
30 NMR (CDCI3, 5) : 1.34 (3H, d, J = 7Hz), 2.80 (2H, br s), 3.00-3.30 (2H, m), 3.50-4.00 (3H, m), 4.00-5.00 (9H, 
m), 5.10-5.55 (4H, m), 5.70-6.20 (3H, m) 



35 



Example 8-7) 



40 




NZ 



45 



IR (Nujol) : 3100-3400, 1685-1740 cm" 1 
NMR (CDCI3, 5) : 1.34 (3H, d, J = 7Hz), 2.15-2.44 (2H, m), 2.97-3.84 (5H, m), 3.97-4.33 (4H, m), 5.14 (2H, s), 
5.31 (2H, d, J = 8Hz), 5.69-5.84 (1H, m), 7.33 (5H, s), 7.50-7.62 (2H, m), 8.12-8.23 (2H, m) 



50 



Example 9 



55 
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5 




COOH 



To a solution of ally! (5R,6S)-3-(1-ailyloxycarbonylpyrrolidin-3-yl)-6-[(1 R)-1-hydroxyethyl]-7-oxo-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate (0.94 g) in a mixture of tetrahydrofuran (14 ml) and ethanol (2 ml) 
were added successively triphenylphosphine (130 mg), 5,5-dimethyl-1 ,3-cyciohexanedione (dimedone) (0.66 
g) and tetrakis(triphenylphosphine)palladium(0) (280 mg). Stirring at ambient temperature for 1 hour gave a 
precipitate, which was collected by filtration and washed with tetrahydrofuran to give (5R,6S)-6-[(1 R)-1- 
hydroxyethyl]-7-oxo-3-(pyrrolidin-3-yi)-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxyiic acid (480 mg). 
IR (Nujol) : 1760 cm" 1 

NMR (D 2 0, 8) : 1.38 (3H, d, J = 6Hz) ( 1 .8-2.6 (3H, m), 4.0-4.3 (2H, m) 

The following compounds were obtained in substantially the same manner as that of Example 9. 



Example 10-1) 




35 

IR (Nujol) : 1760 cm" 1 

NMR (D 2 0, 5) : 1.31 (3H, d, J = 6Hz), 1.80-2.52 (4H, m). 2.90-3.52 (4H, m), 4.00-4.50 (3H, m) 
40 Example 10-2) 



45 




50 

COOH 

IR (Nujol) : 1760 cm H 
NMR (D 2 O t 5) : 1.28 (3H, d, J = 6Hz), 1.80-2.60 (2H, m), 3.95-4.35 (2H, m) 

55 



Example 10-3) 
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COOH 

10 IR (Nujol) : 1725-1755 cm'- 

NMR (D 2 0, 5) : 1.26 (3H, d, J = 7Hz), 1.53-2.61, (5H, m), 2.80-4.24 (9H, m) 



75 



Example 10-4) 



OH 



H H 



20 




25 



IR (Nujol) : 1760 cm- 1 
NMR (D 2 0, 5) : 1.29 (3H. d, J = 6Hz), 1.3-2.2 (4H, m), 3.9-4.4 (2H, m) 



30 



Example 10-5) 



HO 



35 



H H 




40 



COOH 



IR (Nujol): 3300, 1750, 1580 cm" 1 
NMR (D 2 0, 6): 1.28 <3H, d, J = 7 Hz), 2.52 (2H, m), 3.03 (2H, dd, J =7, 8 Hz), 3.15-3.45 (4H, m), 3.85-4.35 
45 (3H. m), 5.94 (1H, m) 



Example 10-6) 



50 



55 




OH 



COOH 
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tR (Nujol) : 3300, 1760, 1590 cm" 1 
NMR (D 2 0, 5) : 1.28 (3H, d, J=6.0Hz), 3.00-3.20 (2H, m), 3.45 (1H ( dd, J = 3 and 6Hz), 3.70-4.50 <7H, m), 
5.78 (1H, m) 



Example 11 



OH 




To a solution of 4-nitrobenzyl (5R,6S)-3-(1-benzyloxycarbonyl-1 t 2,3,6-tetrahydropyridin-4-yI)-6-[(1R)-1- 
hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (500 mg) in 0.1 M phosphate buffer (pH 
6.93, 20 ml) was added 20% (W/W) palladium on carbon (50% wet) and the solution was stirred under 
atmospheric pressure of hydrogen at ambient temperature for 5 hours. The catalyst was filtered off and the 
filtrate was concentrated in vacuo to give a residual solution, which was chromatographed on "Diaion HP- 
20" (100 ml) eluting in turn with water and a mixture of water and acetone (50:1 -20:1, V/V). The fractions 
containing the desired compound were collected and lyophilized to give (5R,6S)-6-[(1R)-1-hydroxyethy!]-7- 
oxo-3-(piperidin-4-yl)-1-azabicyclot3.2.0]hept-2-ene-2-carboxylic acid (150 mg). 
IR (Nujol) : 1725-1755 cm" 1 

NMR (D 2 0, 5) : 1.26 (3H, d, J=7Hz), 1.53-2.61 (5H, m), 2.80-4.24 (9H, m) 



Example 12 




To a solution of (5R,6S)-6-[(1R)-1-hydroxyethyl]-7-oxo-3-(pyrrolidin-3-yI)-1-azabicyclo[3.2.0]hept-2-ene- 
2-carboxylic acid (250 mg) was added benzyl formimidate hydrochloride (0.48 g) at 0* C while adjusting pH 
to 8.5 with 30% aqueous sodium hydroxide solution. After 30 minutes at the same temperature, the solution 
was adjusted to pH 6.5 with 1N hydrochloric acid, washed with ethyl acetate and concentrated in vacuo. 
The residue was chromatographed on nonionic adsorption resin "Diaion HP-20" (Trademark, made by 
Mitsubishi Chemical industries) eluting with 3% aqueous isopropyl alcohol. The fractions containing the 
desired compound were collected and lyophilized to give (5R,6S)-3-(1-formimidoylpyrrolidin-3-yl)-6-[(1R)-1- 
hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept2-ene-2-carboxylic acid (120 mg). 
IR (Nujol) : 1750, 1700 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 1.8-2.4 (2H, m), 2.7-3.0 (2H, m), 7.89 (1H, br s) 

The following compounds were obtained in substantially the same manner as that of Example 12. 



Example 13-1) 
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70 



COOH N 
H 



IR (Nujol) : 1760, 1705 cm" 1 
NMR (D 2 0, 5) : 1.29 (3H, d. J = 6Hz), 1.60-2.45 (4H, m), 2.55-3.12 (2H, m), 7.67, 7.92 (1H, each br s) 



75 



Example 13-2) 



OH 



20 



OH 



H H 



25 





N 

CO OH H 



;7^H 



IR (Nujol) : 1760, 1705 cm" 1 
30 NMR (D 2 0, 5) : 1.25 (3H, d, J = 6Hz), 2.00-2.52 (2H, m), 2.52-3.10 (2H, m), 7.72, 7.98 (1H, each br s)' 



Example 13-3) 



35 



OH 



40 




H 



N 
H 



COOH 



45 



IR (Nujol) : 1755, 1710 cm" 1 
NMR (D 2 0, 5) : 1.26 <3H, d. J = 6Hz), 1.20-2.20 (4H, m), 7.71 (1H, br s) 



50 



Example 13-4) 



55 
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5 




H 



IR(Nujol) : 1755, 1705 cm" 1 

NMR (D 2 0, 5) : 1.28 (3h, d, J = 6Hz), 1.3-2.2 (4H, m), 7.72 (1H, br s) 
Example 14-1) 



I 



20 




Ally! (5R,6S)-3-[(3S)-1 -ally loxycarbony lpyrrolidin-3-yl]-6-[(1 R)-1 -t-butyldimethylsilyloxyethy l]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 84.1% yield in substantially the same manner as 
30 that of Example 4. 

IR (CH2CI2) : 1780, 1710 cm" 1 

NMR (CDCI 3t 5) : 0.07 (6H, s) f 0.88 (9H, s), 1.68-2.21 (2H, m), 2.64-3.72 (7H, m), 4.01-4.22 (3H, m). 4.58- 
4.82 (4H, m), 5.18-5.45 (4H, m), 5.87-6.71 (2H, m) 



Example 14-2) 




Ally! (5R,6S)-3-[(3R)-1 -ally loxycarbony^ 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 71.0% yield in substantially the same manner as 
that of Example 4. 
IR (CH2CI2) : 1780, 1710 cm" 1 

NMR (CDCI3, 6) : 0.08 (6H, s), 0.90 (9H, s), 1.69-2.24 (2H, m), 2.72-3.73 (7H, m), 4.52-4.86 (4H, m), 5.17- 
5.52 (4H, m), 5.84-6.13 (2H, m) 



Example 14-3) 
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I 



5 




Aliyl (5R t 6S)-3-(1 -ally loxycarbonylazetidin-3-yl)-6-[(1 R)-1 -t-butyldimethylsi!yloxyethyt]-7-oxo-1 - 

azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 76.6% yield in substantially the same manner as 
that of Example 4. 
IR (CH 2 CI 2 ) : 1780, 1710 cm" 1 
75 NMR (CDCb, 5) : 0.04 <6H, s), 0.91 (9H, s), 1.22 (3H, d. J=6Hz), 2.89-3.12 (3H f m), 5.10-5.39 (4H, m), 5.76- 
5.88 (2H, m) 



2o Example 15-1) 



25 



30 



OH 




CO 



35 



Allyl (5R,6S)-3-[(3S)-1-allyloxycarbonylpyrrolidin^ 
hept-2-ene-2-carboxylate was obtained in 59.6% yield in substantially the same manner as that of Example 
7. 

IR (Neat) : 3400, 1775, 1690-1710 cm H 

NMR (CDCI3. 5) : 1.34 (3H, d, J = 6Hz), 2.60-3.80 (7H, m), 4.47-4.83 (4H, m), 5.15-5.62 (4H, m), 5.80-6.07 
<2H, m) 



40 Example 15-2) 



45 




Allyl (5R,6S)-3-[(3R)-1 -allyloxycarbonylpyrrolidin-3-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]- 
hept-2-ene-2-carboxylate was obtained in 49.7% yield in substantially the same manner as that of Example 
7. 

55 |R (CH2CI2) : 3400, 1780, 1710 cm" 1 

NMR (CDCb, 5) : 1.34 (3H, d, J = 6Hz), 2.73-3.80 (7H, m), 4.04-4.35 (2H, m), 4.50-5.00 (4H, m), 5.18-5.54 
(4H, m), 5.80-6.02 (2H, m) 
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Example 15-3) 




Allyl (5R,6S)-3-(1 -allyloxycarbonylazetidin-3-yi)-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]hept-2- 
ene-2-carboxylate was obtained in 62.4% yield in substantially the same manner as that of Example 7. 
IR (Neat) : 3400, 1780, 1690-1710 cm" 1 

NMR (CDCI 3 , 5) : 2.95-3.25 (3H, m), 5.20-5.43 (4H, m), 5.82-6.00 (2H, m) 



Example 16-1) 

20 



OH 




(5R,6S)-6-[(1R)-1-Hydroxyethyl]-7-oxo-3-[(3S)-pyr^ 
acid was obtained in 91.0% yield in substantially the same manner as that of Example 9. 
35 IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.29 (3H, d, J = 6Hz), 1.80-2.23 (2H, m), 4.00-4.40 (2H, m) 



Example 16-2) 

40 




(5R,6S)-6-[(1R)-1-Hydroxyethyl]-7-oxo-3-[(3R)- pyrrofidin-3-yl]-1-azabicyc!o[3.2.0]hept-2-ene-2-carbox- 
ylic acid was obtained in 93.0% yield in substantially the same manner as that of Example 9. 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 O f 5) : 1.28 (3H, d, J = 6Hz) ( 1.98-2.22 (2H, m) 



Example 16-3) 
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COOH 

70 



(5R,6S)-3-(Azetidin-3-yl)-6-[(1R)-1-hydroxyethy!]-7-oxo^ acid 
was obtained in 78.3% yield in substantially the same manner as that of Example 9. 
IR (Nujol) : 1750 cm" 1 
NMR (D 2 0, 5) : 1.28 (3H t d, J=6Hz) 



Example 17-1) 



25 




(5R,6S)-3-[(3S)-1 -Formimidoylpyrrolidin-3-yl>6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicycio[3.2.0]hept-2- 
ene-2-carboxyIic acid was obtained in 56.0% yield in substantially the same manner as that of Example 12. 
IR (Nujol) : 1750, 1710 cm" 1 

NMR (D 2 0, 5) : 1.27 (3H, d, J = 6Hz), 1.80-2.37 2H, m), 2.69-3.01 (2H, m), 7.90 (1H, br s) 



Example 17-2) 




50 (5R,6S)-3-[(3R)-1-Formimidoylpyrrolidin-3-yl]-6-[(1R)-1-hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2- 
ene-2-carboxylic acid was obtained in 43.0% yield in substantially the same manner as that of Example 12. 
IR (Nujoi) : 1750, 1710 cm" 1 

NMR (D 2 0, 5) : 1.27 (3H, d, J = 6Hz), 1.80-2.35 (2H, m), 2.72-3.00 <2H, m) 7.89 (1H, br s) 

55 

Example 17-3) 



78 



BNSDOCID: <EP 0394991 A1 _l_> 



EP 0 394 991 A1 



5 




(5R,6S)-3-(1 -Formimidoylazetidtn-3-yl)-6-[(1 R)-1 -hydroxyethy l]-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid was obtained in 23.5% yield in substantially the same manner as that of Example 12. 
IR (Nujol) : 1750, 1710 cm* 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz),3.10 (2H, d, J=9Hz), 3.30-3.50 (1H, m), 7.69 (1H ( br s) 



Example 18 



25 




30 

A solution of (5R,6S)-6-[(1 R)-1-hydroxyethyl]-7-oxo-3-(pyrrolidin-3-yl)-1 -azabicycio[3.2.0]hept-2-ene-2- - * 

carboxylic acid (180 mg) in phosphate buffer solution (pH 6.8, 15 ml) was adjusted to around pH 8.5 with * 
30% aqueous potassium carbonate at 0°C. To the solution was added four portions of ethyl acetimidate * j 

hydrochloride (835 mg), while adjusting pH to around 8.5 with 30% aqueous potassium carbonate. After 

35 stirring, for 10 minutes at 0°C, the solution was adjusted to around pH 7.0 with 1N hydrochloric acid. After 
the mixture was washed with a mixture of ethyl acetate (270 ml) and tetrahydrofuran (30 ml), the aqueous 
layer was concentrated. The resulting solution was chromatographed on nonionic adsorption resin "Diaion 
HP-20" (40 ml) eluting with a mixture of acetonitrile and water (2:98, VA/). The fractions containing the 
object compound were collected and freeze-dried to give (5R,6S)-3-(1-acetimidoylpyrrolidin-3-yl)-6-[(1R)-1- 

40 hydroxyethyl]-7-oxo-1-azabicyclot3.2.0]hept-2-ene-2-carboxylic acid (80 mg). 
IR (Nujol) : 3350. 1760 cm" 1 

NMR (D 2 0, h) : 1.27 (3H, d, J=7.2Hz), 1.8-2.3 (2H, m), 2.25 (3H, s), 2.90 (2H, d-like, J = 9.0Hz), 3.3-4.2 <8H, 
m) 

45 

Example 19-1) 




To a solution of (5R,6S)-6-[(1R)-1-hydroxyethyl]-7-oxo-3-[(3S)-pyrrolidin-3-yl]-1-azabicyclo[3.2.0]hept-2- 
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ene-2-carboxyiic acid (1.0 g) in water (30 ml) was added ethyl acetimidate hydrochloride (2.8 g) at 0°C 
while adjusting pH to 8.5 with 30% sodium hydroxide solution. After stirring for 30 minutes at the same 
temperature, the solution was adjusted to pH 6.5 with 1N-hydrochloric acid, washed with ethyl acetate, and 
then concentrated in vacuo. The residue was chromatographed on nonionic adsorption resin "Diaion HP-20" 
5 eluting with aqueous isopropyl alcohol (3%). The farctions containing the desired compound were collected 
and lyophilized to give (5R,6S)-3-[(3S)-1 -acetimidoylpyrrolidin-3-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (550 mg). 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 2.27 <3H, s), 1.8-2.4 (2H, m), 2.78-3.07 (2H, m) 



Example 19-2) 




(5R,6S)-3-[(3R)-1-Acetimidoyipyrrolidin-3-^ 
2-carboxylic acid was obtained in 22.5% yield in substantially the same manner as that of Example 19-1). 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz>, 2.27 (3H, s), 1.70-2.42 (2H, m) ( 2.75-3.05 (2H, m) 



Example 19-3) 



OH 




(5R,6S)-3-(1 -Acetimidoylazetidin-3-yl)-6-[(1 R)-1 -hydroxyethy I]-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid was obtained in 29.5% yield in substantially the same manner as that of Example 19-1). 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 2.08 <3H, s), 3.02-3.22 (2H, m) 



Example 20-1) 

50 



55 
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70 



75 



+SiO 




OCH. 



NCOO'V' 



COO'V' 



Ally I (5R,6S)-3-[(2S)-1 -allyloxycarbonyl-2-methoxymethylpyrrolidin-4-yl]-6-[(1 R)-1 -tert- 

butyldimethylsilyloxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 62.8% yield 
in substantially the same manner as that of Example 6. 
IR (Nujol) : 1710, 1780 cm" 1 

NMR (CDCI 3 , 5) : 0.07 (6H, s), 0.88 (9H, s). 1.24 (3H, d, J = 7Hz), 3.33 (3H, s), 4.08-4.40 (4H, m), 4.59-4.83 
(4H, m), 5.19-5.47 (4H, m), 5.87-6.04 (2H, m) 



20 



Example 20-2) 



25 



30 



+SiO 



OSi+ 




35 



40 



Ally! (5R,6S)-3-[(2S)-1 -allyloxycarbonyl-2-tert-buty Idimethylsilyloxy methylpyrrolidin-4-yl]-6-[(1 R)-1 -tert- 
butyldimethylsilyioxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 62.8% yield 
in substantially the same manner as that of Example 6. 
IR (Nujol) : 1710, 1750, 1790 cm H 

NMR (CDCI 3t 5) : 0.08 (12H, s), 0.88 (18H, s), 1.23 (3H, d, J = 7Hz), 1.90-2.22 (2H, m), 2.72-4.24 (11H, m), 
4.50-4.70 (4H, m), 5.11-5.47 (4H, m), 5.68-6.03 (2H, m) 



Example 20-3) 



45 



50 




55 



Allyl (5R,6S)-3-[(2R)-1 -allyloxycarbonyl-2-methylpyrrolidin-4-y l]-6-[(1 R)-1 -tert-butyldimethylsilyloxyethyl]- 
7-OXO-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 72.3% yield in substantially the same 
manner as that of Example 6. 
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IR (Nujol) : 1710, 1780 cm" 1 

NMR (CDC! 3 , 5) : 0.07 (6H, s), 0.88 (9H, s), 1.24 (6H, d, J = 7Hz), 4.50-4.82 (4H, m), 5.17-5.50 (4H, m), 5.87- 
6.03 (2H, m) 



5 

Example 21-1) 




Allyl (5R.6S)-3-[f2S)-1 -allyloxycarbonyl-2-methoxymethylpyrroiidin-4-y l]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 64.3% yield in substantially the same manner as 
that of Example 7. 
IR (Nujol) : 1705, 1780 cm" 1 

NMR (CDC! 3 , 5) : 1.26 (3H, m), 3.33 (3H, s), 4.50-4.80 (4H, m), 5.21-5.36 (4H, m), 5.84-6.02 (2H, m) 



Example 21-2) 




Allyl (5R,6S)-3-[(2S)-1 -allyloxycarbonyl-2-hydroxymethylpyrrolidin-4-y l]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 52.6% yield from allyl (5R,6S)-3-[(2S)-1-allyloxy- 
4Q carbonyl-2-tert-butyldimethylsilyloxymethylpyrroIidin-4-yl]-6-[(1 R)-1 -tert-buty ldimethylsilyloxyethyl]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate in substantially the same manner as that of Example 7. 
IR (Nujol) : 1695, 1770, 3400- cm" 1 

NMR (CDCIs, 5) : 1.28 (3H. d, J = 7Hz), 1.50-1.73 (2H, m), 4.52-4.73 (4H ( m), 5.16-5.45 (4H, m), 5.70-6.12 
(2H, m) 

45 

Example 21-3) 




coo^V 
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Allyl (5R,6S)-3-[(2R)-1 -allyloxycarbonyl-2-methylpyrrolidin-4-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 - 

azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 93.6% yield in substantially the same manner as 
that of Example 7. 
IR (Nujol) : 1700, 1785, 3400 cm" 1 
5 NMR (CDCIs, 5) : 1.20-1.40 (6H, m), 4.58-4.78 <4H, m), 5.17-5.35 (4H, m), 5.82-6.05 (2H, m) 



Example 22-1) 



70 



75 



HO 



H H 




OCH- 



COOH 



20 



(5R,6S)-6-[(1R)-1-Hyrdoxyethyl]-3-[(2S)-2-methoxym 
2-ene-2-carboxylic acid was-obtained in 98.0% yield in substantially the same manner as that of Example 9. 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 6) : 1.20-1.27 (3H, m), 1.91-2.13 (2H, m), 3.35 (3H, s) 



25 



Example 22-2) 



30 



35 




COOH 



(5R,6S)-6-[(1 R)-1 -Hydroxyethy!]-3-t(2S)-2-hydroxymethy lpyrrolidin-4-yl]-7-oxo-1 -azabicyclo[3.2.0]hept-2- 
ene-2-carboxylic acid was obtained in 72.3% yield in substantially the same manner as that of Example 9. 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1,24 (3H, d, J = 7Hz), 1.60-2.31 (2H, m), 2.87-4.28 (11H, m) 



45 



Example 22-3) 



50 



55 



HO 



H H 




NH 



COOH 



(5R,6S)-6-[(1 R)-1-Hydroxyethyi]-3-[(2R)-2-methylpyrrolidin-4-yl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid was obtained in 64.4% yield in substantially the same manner as that of Example 9. 



83 



BNSDOCID: <EP 0394991 A1_l_> 



EP 0 394 991 A1 



IR (Nujol) : 1760 cm" 1 

NMR (D 2 0, 5) : 1.21 (3H, d, J = 7Hz), 1.33 (3H, d, J = 7Hz) 



s Example 23-1) 



HO 



H H 



10 




15 



COOH 



(5R,6S)-3^(2S)-1-Formimidoyl-2-mett^ 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 11% yield in substantially the same manner 
as that of Example 12. 
20 IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.24 (3H, d, J = 7Hz), 1.94-2.10 (2H, m), 3.36 (3H, s), 7.78-7.93 (1H t m) 



25 



Example 23-2) 



HO 



30 




NH 



COOH 



35 



(5R 1 6S)-3-[(2S)-1-Formimidoyl-2-hydroxymethylpyrrolidin-4-yl]-6-[(1R)-1-hydroxyethyl]-7-oxo^ 
azabicyclo[3.2.0]hept-2-ene-2-caroxylic acid was obtained in 66% yield in substantially the same manner as 
that of Example 12. 
4Q IR (Nujol) : 1750 cm' 1 

NMR (D 2 0, 5) : 1.24 (3H t d, J=7Hz), 7.97 (1H, br s) 



Example 23-3) 



45 



50 




55 



COOH 



(5R t 6S)-3-[(2R)-1-Formimidoyl-2-methylpyrrolidin-4-yl]-6-t(1 R)-1-hydroxyethyl]-7-oxo-1-azabicyclo- 
[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 47.9% yield in substantially the same manner as that of 
Example 12. 
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IR (Nujol) : 1755 cm" 1 

NMR (D 2 0, 5) : 1.24 (6H, d, J = 7Hz), 7.76-7.93 (1H, m) 

The following compounds were obtained in substantially the same manner as that of Example 4. 



Example 24-1) 



10 



+SiO 



H H 



75 




coo/v 



cooV 



20 



Allyl (5R,6S)-3-[(2S)-1-allyloxycarbonyl-4-fluoropy^ 
oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxy late 
IR (CH2CI2) : 1770, 1700 cm"- 1 

NMR (CDCI3, 5) : 0.06 (6H ( s), 0.90 <9H, s), 2.7-3.2 (3H, m), 4.3-4.8 (4H, m), 5.0-5.6 <5H, m), 5.8-6.1 (2H, m) 



25 



Example 24-2) 



30 



4 l ?H H 



35 




coo'V 



coo>V 



Allyl (5R,6S)-3-(1 -allyloxycarbonylpiperidin-2-y l)-6-[(1 R)-1 -t-butyldimethylsiiyloxyethyt]-7-oxo-1 - 

40 azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 1780, 1700 cm" 1 

NMR (CDCh. 5) : 0.03 (6H, s), 0.90 (9H, s), 2.5-3.0 (3H, m) t 4.5-4.8 <4H, m), 5.1-5.4 (4H, m), 5.8-6.1 (2H, m) 



45 Example 24-3) 



50 



55 



85 
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+SiO H H CH 




coo/V' 



70 



(Isomer A) 



Isomer A of allyl (5R,6S)-3-(1-allyloxycarbonylpiperidin-4-yl)-6-[(1 R)-1-t-butyldimethylsilyloxyethyl]-4- 
75 methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (from Isomer A of (3S,4R)-4-[2-(1 - 
allyloxycarbonyIpiperidin-4-yl)-1 -methyl-2-oxoethyl]-3-[(1 R)-1 -t-butyldimethylsilyloxyethyl]-2-oxoazetidine) 
IR (Neat) : 1780, 1700 cm" 1 

NMR (CDCI 3 . 5) : 0.06 (3H, s). 0.92 (9H, s), 1.2-1.4 (6H, m), 1.5-1.8 [4H, m), 4.5-5.0 (4H, m), 5.1-5.6 (4H, 
m), 5.8-6.0 (2H, m) 



20 



25 



30 



Example 24-4) 




ncoo As 



coo/V 



35 



(Isomer B) 



Isomer B of allyl (5R ( 6S)-3-(1-allyloxycarbonylpiperidin-4-yl)-6-[(1R)-1-t-butyldimethylsilyIoxyethyl]-4- 
methyI-7-oxo-1 -azabicyc!o[3.2.0]hept-2-ene-2-carboxylate (from Isomer B of [3S,4R)-4-[2-(1 - 
allyloxycarbonylpiperidin-4-yl)-1-methyl-2-oxoethyI]-3-[(1 R)-1-t-butyldimethylsilyloxyethyl]-2-oxoazetidine) 
IR [Neat) : 1780, 1700 cm" 1 

NMR (CDCI3, 5) : 0.06 (3H f s), 0.90 (9H, s), 4.5-4.9 (4H, m), 5.2-5.6 (4H, m), 5.8-6.0 (2H, m) 

The following compounds were obtained in substantially the same manner as that of Example 6. 



Example 24-5) 

50 



55 
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+SiO H H 




10 



cooA? 



Allyl (5R,6S)-3-[4-(allyloxycarbonyl)thiomorpho[in-3-yi]-6-[(1 R)-1 -tert-butyldimethylsilyioxyethyl]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxyiate 
IR (Neat) : 1780, 1710-1700 cm" 1 



75 



Example 24-6) 



20 



25 



+SiO 




coo^V 



30 



35 



Allyl (5R,6S)-3-[1 ,4-bis(ally loxycarbonyl)piperazin-2-yi]-6-[(1 R)-1 -tert-butyldimethylsi!yloxyethyl]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 1780, 1720-1690 cm" 1 



Example 24-7) 



40 



+SiO 



45 




cocyv 



coo'V 



Allyl (5R,6S)-3-[(3R)-4-allyloxycarbonylmorpholm 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 1785, 1705 cm" 1 
NMR (CDCI 3 , 5) : 0.08 (6H, s), 0.89 (9H, s) 



55 

Example 24-8) 



87 



BNSOOCID: <EP 0394991 A1 _l_> 



EP 0 394 991 A1 



+SiO 




70 



coo/\^ 



15 



Ally I (5R,6S)-3-[4-ally!oxycarbonylmorpholin-2-yI]-6-[(1 R)-1 -tert-butyldimethylsilyloxyethyI]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 1780, 1710-1700 cm" 1 



Example 24-9) . 



20 



+SiO 



25 




COO 



coo 



cooA/ 



30 



Ally I (5R,6S)-3-[1 l 2-bis(allyloxycarbonyl)pyrazolidin-4-yl]-6-[(1 R)-1 -tert-butyldimethylsilyloxyethyl]-7-oxo- 
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Nujol) : 1710, 1780 cm" 1 

NMR (CDCI 3 , 5) : 0.08 <6H, s), 0.88 (9H, s), 1.23 (3H t d, J = 6Hz), 2.73-2.80 (2H, m), 3.06-3.11 (2H, m), 3.50- 
35 3.92 (2H, m), 4.04-4.62 <4H, m). 4.58-4.81 (6H, m), 5.20-5.47 (6H, m), 5.80-6.02 (3H, m) 



Example 24-10) 



40 



+SiO 



H H 



45 




CON(CH 3 ) 2 



COO 



50 



Ally I (5R,6S)-3-[2-allyloxycarbonyl-1-(dimethylcarbamoyl)pyrazoIidin-4-yl]-6-[(1R)-1-tert- 
butyldimethylsilyIoxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Nujol) : 1695, 1775 cm" 1 

55 NMR (CDCb, 8) : 0.07 (6H, s), 0.88 (9H, s), 1.25 (3H, d. J=6Hz), 2.99 (6H, s), 4.61-4.78 (4H, m), 5.19-5.48 
(4H t m), 5.83-6.05 (2H, m) 
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Example 24-1 1 ) 



10 



+SiO 




CON(CH 3 ) 2 



coo/V 



75 



20 



Allyl (5R,6S)-3-[(2S)-1 -ally loxycarbony l-2-di m ethyl carbarn oy lpyrrolidin-4-yl]-6-[(1 R)-1 -tert- 

butyldimethylsilyloxyethyl]-7-oxo-1-a2abicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Nujol) : 1655, 1710, 1780 cm- 1 

NMR (CDCI 3 , 5) : 0.08 (6H, s), 0.87 (9H t s), 1.23 (3H, d, J = 7Hz), 2.04-2.10 (2H, m), 2.98 (3H, s), 3.08 (3H, 
s), 4.57-4.82 <5H, m), 5.19-5.50 (4H, m), 5.80-6.05 (2H, m) 

The following compounds were obtained in substantially the same manner as that of Example 4. 



Example 24-12) 



25 



30 



35 




NCOO 



/V 



coo/V 



Allyl (5R,6S)-3-(1 -allyloxycarbonyl-2-methylpyrrolidin-3-y l)-6-[(1 R)-1 -t-butyldimethylsilyloxyethyl]-7-oxo- 
1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 1775, 1705 cm" 1 

40 NMR (CDCI3, 5) : 0.08 (6H, s), 0.91 (9H, s), 1.1-1.4 (6H t m), 2.76-2.83 (2H. m), 3.06-3.10 (1H, m), 4.5-4.8 
(4H, m), 5.2-5.5 (4H, m), 5.8-6.0 (2H. m) 



Example 24-13) 



45 



50 



55 



+sio 




coo^V- 



NCOO 
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Allyl (5R,6S)-3-[1 -allyioxycarbonyl-(4-t-buty ldimethylsiiyloxymethyl)pyrrolidin-3-y!]-6-[(1 R)-1 -t- 

butyldimethylsilyloxyethyl]-7-oxo-1-azabicycio[3.2.0]hept-2-ene-2-carboxylate 
!R (Neat) : 1780, 1705 cm" 1 

NMR (CDCb, 5) : 0.090, 0.075 <6H, each s), 0.88, 0.91 (9H, each s), 1.22 (3H. d, J = 7Hz), 2.8-3.4 (5H, m), 
5 3.5-3.8 (4H, m), 4.5-4.9 (4H, m). 5.2-5.6 (4H, m), 5.8-6.0 (2H, m) 



Example 24-14) 



70 



75 



20 



25 




COOPNB 



4-Nitrobenzyl (5R,6S)-6-t(1R)-1-tert-butyldimethylsilyloxyethyi]-3-t(4R)-3-(4-nitrobenzyloxycarbonyl)- 
thiazo!idin-4-yi]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 44.0% yield in substan- 
tially the same manner as that of Example 6. 
IR (Neat) : 1775, 1720, 1705 cm"' 

The following compounds were obtained in substantially the same manner as that of Example 7. 




Allyl (5R,6S)-3-[(2S)-1-ai!yloxycarbonyl-4-fluoropyrrolidin-2-yl]-6-t(1R)-1-hydroxyethyl]-7-oxo-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 3350, 1770, 1700 cm' 1 

NMR (CDCI3, 5) : 2.7-3.2 (3H, m), 4.4-4.8 (4H, m), 5.0-5.6 (5H, m), 5.8-6.1 (2H, m) 



Example 25-2) 




90 
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Ally I (5R,6S)-3-(1 -allyloxycarbonylpiperidin-2-yl)-6-[(1 R)-1 -hydroxyethy l]-7-oxo-1 -azabicyc!o[3.2.0]hept-2- 
ene-2-car boxy late 

1R (CH 2 CI 2 ) : 3400, 1780, 1700 crrr 1 

NMR (CDCI 3 , B) : 2.7-3.3 (3H t m), 4.5-4.9 (4H, m), 5.1-5.4 (4H, m), 5.8-6.1 (2H, m) 



Example 25-3) 



10 



15 



HO H H CH 3 




N-COO 



cooA^ 



20 



25 



(Isomer A) 



isomer A of ally I (5R,6S)-3-(1-allyloxycarbonylpiperidin-4-yl)-6-[(1 R)-1-hydroxyethyl]-4-methyl-7-oxo-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate (from Isomer A of ally! (5R,6S)-3-(1-allyloxycarbonylpiperidin-4- 
yl)-6-[(1R)-1-t-butyldimethylsilyloxyethyl]-4-methyl-7-oxo-1-a2abicyclo[3.2.0]hept-2-ene-2-carboxy 
IR (Neat) : 1760, 1700 cm" 1 



Example 25-4) 



30 



35 



HO H H 




NCOO 



40 



(Isomer B) 



45 



50 



Isomer B of ally! (5R,6S)-3-(1-allyloxycarbonylpiperidin-4-yl)-6-[(1 R)-1 -hydroxyethy l]-4-methyl-7-oxo-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate (from Isomer B of ally! (5R,6S)-3-(1-allyloxycarbonylpiperidin-4- 
yl)-6-t(1R)-1-t-butyldimethylsilyloxyethyl]-4-methyl-7-oxo-1-a2abicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 1760, 1680 cm" 1 

NMR (CDCb, 5) : 2.8-3.0 (2H, m), 3.0-3.6 (2H, m), 4.5-4.9 (4K m), 5.2-5.5 (4H, m), 5.8-6.1 (2H, m) 



Example 25-5) 



55 



91 
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HO H H 
^4 



coo/V 



coo/V 



Allyl (5R,6S)-3-[4-(allyloxycarbonyl)thiomorphoIin-3-yi]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0> 
hept-2-ene-2-carboxylate 
IR (Neat) : 3500-3350, 1780, 1710-1690 cm" 1 



75 Example 25-6) 




Allyl (5R,6S)-3-[1 ,4-bis(allyloxycarbonyi)piperazin-2-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo- 
30 [3.2.0]hept-2-ene-2-carboxyiate 

IR (Neat) : 3500-3400, 1775, 1710-1690 cm" 1 



Example 25-7) 

35 



40 




Allyl (5R.6S)-3-[(3R)-4-allyloxycarbonylmorpholin-3-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]- 
hept-2-ene-2-carboxylate 
IR (Neat) : 3500-3350, 1780, 1705 cm" 1 



Example 25-8) 



55 



92 
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Allyl (5R,6S)-3-[4-ally loxycarbonylmorpholtn-2-yI]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]hept- 
2-ene-2-carboxylate 
75 IR (Neat) : 3400-3200, 1775, 1710-1690 cm" 1 

Example 25-9) 



20 



HO H H 



25 




COO 



coo/V 



30 Allyl (5R,6S)-3-[1 ,2-bis(ally loxycarbonyl)pyrazolidin-4-yI]-6-[(1 R)-1 -hydroxyethy l]-7-oxo-1 -azabicyclo- 

[3.2.0]hept-2-ene-2-carboxylate 
IR (Nujol) : 1710, 1780, 3450 cm" 1 

NMR (CDCb, 5) : 1.24 (3H, d, J = 6Hz), 2.74-2.86 (2H, m), 3.06-3.18 (2H, m), 3.50-3.90 (2H, m), 4.06-4.50 
(4H, m), 4.60-4.80 (6H, m), 5.20-5.50 (6H, m), 5.80-6.00 (3H, m) 



Example 25-10) 



40 



45 




CON(CH 3 ) 2 



cooA^ 



coo/V 



Allyl (5R,6S)-3-[2-allyloxycarbonyl-1 -(dimethylcarbamoyl)pyrazolidin-4-y l]-6-[(1 R)-1 -hydroxyethyl]-7-oxo- 
50 1 -azabicyclo[3.2.0]hept-2-ene-2-carboxy late 
IR (Nujol) : 1690, 1770 cm" 1 

NMR (CDCI3, 5) : 1.33 (3H, d, J = 6Hz), 2.84-2.95 (2H, m), 3.00 (6H, s), 3.12-3.31 (2H, m), 3.44-3.73 (2H, m), 
3.80-3.98 (1H, m), 4.10-4.47 (3H, m), 4.61-4.87 (4H, m), 5.20-5.47 (4H, m), 5.82-6.07 (2H, m) 



55 



Example 25-11) 
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9 



OH 



H H 




CON(CH 3 ) 2 



^coo'V 



coo 



Ally! (5R,6S)-3-[(2S)-1 -ally!oxycarbonyl-2-dimethy Icarbamoy lpyrrolidin-4-yl]-6-[(1 R)-1 -hydroxyethy l]-7- 
oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Nujol) : 1640, 1700, 1775, 3350-3400 cm" 1 

NMR (CDCI 3 , 5) : 1.34 (3H, d, J = 7Hz), 2.05-2.10 (3H, m), 2.98 (3H, s), 3.09 (3H. s), 2.87-3.15 (2H, m), 3.30- 
3.50 (1H, m), 3.82-3.94 (1H, m), 4.08-4.40 (4H, m), 4.56-4.82 (5H, m), 5.15-5.50 <4H, m). 5.84-6.72 (2H, m) 



Example 25-12) 



25 




Allyl (5R,6S)-3-(1 -ally loxycarbonyl-2-methylpyrrolidin-3-yl)-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo- 
[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 3400, 1750, 1680-1700 cm* 1 

NMR (D2O, 5) : 1.1-1.4 (6H, m), 2.75-2.90 <2H, m), 3.11-3.20 (1H, m), 4.5-4.9 (4H, m), 5.1-5.5 (4H, m), 5.8- 
6.8 (2H, m) 



Example 25-13) 




Ally! (5R,6S)-3-[1-allyloxycarbonyl-4-(hydroxymethyl)pyrrolidin-3-yl]-6-[(1R)-1-hydroxyethyl]-7-oxo-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (Neat) : 3400, 1770, 1680-1710 cm" 1 

NMR (CDCI3, 5) : 1.2-1.4 (3H. m), 4.5-4.9 (4H, m), 5.1-5.5 (4H, m), 5.8-6.0 (2H, m) 



Example 25-14) 



94 
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5 




COOPNB 



4-Nitrobenzyi (5R,6S)-6-[(1R)-1-hydroxyethyl]-3-[(4R)-3-(4-nitrobenzyloxycarbonyl)thiazoii^ 
1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
IR (CHC( 3 ) : 1770, 1720, 1705 cm" 1 

The following compounds were obtained in substantially the same manner as that of Example 9. 

Example 26-1) 



25 




COOH 



(5R,6S)-3-[(2S)-4-Fluoropyrrolidin-2-yl]-6-[(1 R)-1-hydroxyethyI]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.27 (3H, d, J=6Hz), 3.02 (2H, d, J = 9Hz), 5.1-5.8 (1H, m) 



35 



Example 26-2) 



HO H H 




COOH 



(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-7-oxo-3-(piperidin-2-yl)-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxy lie acid 
50 IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.26 (3H, d, J = 6Hz), 1.2-2.1 (6H, m), 3.01 (2H, d, J = 9Hz) 

Example 26-3) 

55 
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5 




COOH 



(Isomer A) 



75 Isomer A of (5R,6S)-6-[(1 R)-1-hydroxyethyl]-4-methyl-7-oxo-3-(piperidin-4-yl)-1-azabicyclo[3.2.0]hept-2- 

ene-2-carboxylic acid (from Isomer A of ally! (5R,6S)-3-(1-allyloxycarbonylpiperidin-4-yl)-6-[(1 R)-1- 
hydroxyethyi]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate) 
IR (Nujol) : 1750 cm- 1 

NMR (D 2 0, 5) : 1.1-1.4 (6H. m), 1.4-2.2 (5H, m) 



Example 26-4) 



30 




COOH 



(Isomer B) 

Isomer B of (5R,6S)-6-[(1 R)-1-hydroxyethyl]-4-methyl7-oxo-3-(piperidin-4-yl)-1-azabicyclo[3.2.0]hept-2- 
40 ene-2-carboxylic acid (from Isomer B of ally! (5R ) 6S)-3-(1-aIlyloxycarbonylpiperidin-4-yl)-6-[(1 R)-1- 
hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate) 
IR (Nujol) : 1740 cm" 1 

NMR (D 2 0, 5) : 1.15 (3H, d, J = 7Hz), 1.29 (3H, d. J = 6Hz), 1.7-2.2 (4H ( m), 3.0-3.6 (7H, m), 4.0-4.4 (2H, m) 

45 

Example 26-5) 



HO H H 




COOH 



(5R) f 6S)-6-[(1 R)-1 -Hydroxyethyl]-3-(thiomorpholin-3-yl)-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxyiic 
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acid 

IR (KBr) : 1760-1750 cm" 1 

NMR (D 2 0, 5) : 1.27 (3H, d, J = 8Hz) 

FAB-MS : 299 (M + + 1) 



Example 26-6) 



70 




75 

COOH 

(5R,6S)-6-[(1 R)-1 -HydroxyethyI)-3-(piperazin-2-yl)-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxy lie acid 
20 IR (EtOH) : 1760-1750 cm" 1 
FAB-MS : 282 (M + + 1) 



25 



Example 26-7) 



30 



35 




COOH 



(5R,6S)-6-[(1R)-1-Hydroxyethyl]-3-[(3R)-morphoH^ 

acid 

IR (KBr) : 1760-1735 cm" 1 



40 



NMR (D 2 0, 5) : 1.28 (3H, d, J = 8Hz) 



Example 26-8) 



45 



50 




55 



COOH 



(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-3-(morpholin-2-yl)-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxy lie acid 
IR (Nujol) : 1760-1750 cm" 1 
FAB-MS : 283 (M + + 1) 
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Example 26-9) 



H0 h a 



A- N 

w 0 X . 

COOH 



NH 

// ' 




NH 



(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-3-(pyrazolidin-4-yl)-7-oxo-1 -a2abicyclo[3.2.0]hept-2-ene-2-carboxylic 

acid 

75 IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 2.6-4.35 (14H, m) 

Example 26-10) 
20 



H H 

25 



H ? B H /° N < CH 3>2 



N 
I 

NH 



30 



COOH 



(5R,6S)-3-[HDimethy!carbamoyl)pyrazolidin-4-yl)-6-[(^^ 
2-ene-2-carboxylic acid 
3 5 IR (Nujoi) : 1760 cm"- 

NMR (D a O, 5) : 1.27 (3H, d, J = 6Hz), 2.90 (6H, s) 

Example 26-1 1 ) 

40 

CON(CH 3 ) 2 



45 




NH 



50 

(5R,6S)-3-[(2S)-2-Dimethylcarbamoylpyrrol^ 
hept-2-ene-2-carboxylic acid 
IR (Nujol) : 1755 cm" 1 
55 NMR (D 2 0, 8) : 1.28 (3H, d, J = 7Hz), 2.99 (3H f s), 3.05 (3H, s) 

Example 26-12) 

98 
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5 




COOH 



(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-3-(2-methyipyrrolidin-3-yt)-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid 
IR (Nujol) : 1755 cm" 1 

NMR (D 2 0, 5) : 1.1-1.4 (6H ( m), 1.8-2.4 (2H, m), 2.7-3.0 (2H, m) 



Example 26-13) 



25 




COOH 



(5R,6S)-6-[(1 R)-1 -Hydroxyethy l]-3-[4-(hydroxymethyl)pyrrolidin-3-yl]-7-oxo-1 -azabicyclo[3.2.0]hept-2- 
ene-2-carboxylic acid 
IR (Nujol) : 1750 cm" 1 
35 NMR (D 2 0, 5) : 1.2-1.3 (3H, m), 2.1-2.8 (2H, m) 



Example 26-14) 



45 




COOH 

A solution of 4-nitrobenzyl (5R,6S)-6-[(1 R)-1-hydroxyethyl]-3-[(4R)-3-(4-nitrobenzyloxycarbonyl)- 
thiazolidin-4-yl]-7-oxo-1-a2abicycIo[3.2.0]hept-2-ene-2-carboxylate (2.00 g) in a mixture of tetrahydrofuran 
(30 ml) and phosphate buffer (pH 6.5) (30 ml) was hydrogenated under atmospheric pressure of hydrogen 
over palladium hydroxide on carbon (20%, 0.6 g) for 3 hours at ambient temperature. The catalyst was 
filtered off and the filtrate was concentrated under reduced pressure to give an aqueous solution. The 
solution was washed with ethyl acetate, subjected to a column chromatography on silica gel (75 g), and 
eluted with a mixture of acetonitrile and water (75:25, V/V). The fractions containing the object compound 
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were collected and lyophilized to give (5R,6S)-6-[(1 R}-1 -hydroxyethyl]-3-[(4R)-thiazolidin-4-yl]-7-oxo-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (0.06 g) as a solid. 
IR (Nujol) : 1750 cm"' 
NMR (D 2 0, 5) : 1.28 (3H, d, J = 6.7Hz) 
5 FAB-MS : 307 (M* + Na) 



Example 27-1) 



75 




COOH 

(5R,6S)-3-[(2S)-1 -Formimidoyl-4-fluoropyrrolidin-2-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]- 
hept-2-ene-2-carboxylic acid was obtained in 20.0% yield in substantially the same manner as that of 
Example 12. 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.27 (3H, d, J=6Hz), 7.8-8.1 (1H, m) 



Example 27-2) 



35 




COOH 



(5R,6S)-3-(1 -Formimidoylpiperidin-2-yl)-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid was obtained in 53.7% yield in substantially the same manner as that of Example 12. 
IR (Nujol) : 1755 cm" 1 
45 NMR (D 2 0, 5) : 1 .26 (3H, d, J = 6Hz), 1 .2-2.2 (6H, m), 7.61 , 7.72 (1 H, each s) 
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(5R,6S)-3-[(3S)-1-(N-cyanoformim^ 
hept-2-ene-2-carboxylic acid was obtained in 61.9% yield in substantially the same manner as that of 
Example 12 by using ethyl N-cyanoformimidate hydrochloride instead of benzyl formimidate hydrochloride. 
IR (Nujoi) : 1740-1750 cm" 1 

5 NMR (D 2 0, 5) : 1.28 (3H, d, J=6Hz), 1.8-2.6 (2H, m), 2.90 (2H, d. J = 7Hz), 3.4-4.4 (8H, m), 8.34, 8.37 (1H. 
each s) 

Example 27-4) 



75 




(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-3-[(3S)-1 -(N-methy lacetimidoy l)pyrrolidin-3-yl]-7-oxo-1 -azabicyclo- 
[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 14.4% yield in substantially the same manner as that of 
Example 12 by using ethyl N-methylacetimidate hydrochloride instead. 
IR (Nujol) : 1740-1750 cm" 1 
25 NMR (D 2 0, 6) : 1.25 (3H, d, J=6Hz), 2.22 (3H, s), 3.01 (3H, s) 



Example 27-5) 



35 




(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-3-[(3S)-1 -(N-methy lformimidoyl)pyrrolidin-3-yl]-7-oxo-1 -azabicyclo- 
[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 40.7% yield in substantially the same manner as that of 
Example 27-4). 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.25 (3H, d, J = 6Hz), 2.88 (2H, d, J = 9Hz) ( 3.09 (3H, s). 7.92 (1H, br s) MS : 308 (M + + 1) 



Example 27-6) 



55 
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(5R6S)-6-[(1 R)-1 -Hydroxyethyl]-7-ox^ 
2-ene-2-carboxylic acid was obtained in 41.5% yield in substantially the same manner as that of Example 
12 by using 2-methoxy-1-pyrroline instead. 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 1.6-2.4 (4H, m), 2.7-3.1 (4H, m). 3.2-3.8 (7H. m), 3.8-4.3 (3H, m) 
MS : 334 (M* + 1) 



Example 27-7) 



10 



15 



20 



HO 



H H 




CH=N-CH 2 CH 2 OCH 2 CH 2 OH 



COOH 



(isomers A and B) 



25 



30 



35 



(5R.6S)-6-[(1R)-1-Hydroxyethyl]-3-[(3SM^ 
oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid was obtained in substantially the same manner as that 
of Example 12 by using ethyl N-(hydroxyethoxyethyl)formimidate hydrochloride instead. Two isomers 
(Isomers A and B) were separated by chromatography on silica gel eluting with 30% water in acetonitrile to 
give Isomer A (100.0 mg). 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 1.8-2.4 (2H. m), 2.80-3.00 (2H, m), 8.03 (1H, m) 

Elution was continued to give Isomer B (330.0 mg). 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 1.8-2.4 (2H, m), 2.8-3.0 (2H, m), 8.02, 8.05 (1H, each s) 
MS : 382 (M* + 1) 



40 



Example 27-8) 



45 



50 



HO 



H H 




>=N-CH 9 CH 



COOH 



55 



(5R,6S)-3-[(3S)-1 -(N-Ethy lformimidoyl)py rrolidin-3-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]- 
hept-2-ene-2-carboxylic acid was obtained in 59.2% yield in substantially the same manner as that of 
Example 27-4). 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 1.23 (3H, t, J = 7Hz) ( 1.8-2.4 (2H, m), 2.8-3.0 (2H, m), 7.98, 8.00 (1H, 
each s) 

MS : 322 (M* + 1) 
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Example 27-9) 



5 



70 




(5R,6S)-3-[(3S)-1 -{(N,N-Dimethytimino)methyl}pyrrolidin-3-y!]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1- 
azabicyclo[3.2.0]hept-2-ene-2-carboxylate was obtained in 45.0% yield in substantially the same manner as 
75 that of Example 12 by using a reaction mixture of N,N-dimethylformamide and dimethyl sulfate (1:1 
equivalent) instead of benzyl formimidate hydrochloride. 
IR (Nujol) : 1740 cm' 1 

NMR (D 2 0, 5) : 1.25 <3H, d, J = 6Hz), 1.8-2.4 (2H, m), 3.20 (3H, s), 3.31 (3H, s). 7.72 (1H, br s) 
MS : 322 (M* + 1) 



Example 27-10) 



30 




(5R,6S)-3-[(3S)-1 -(2-Fluoroacetimidoy l)pyrrolidin-3-yl]-6-[{1 R)-1 -hydroxyethyi]-7-oxo-1 -azabicycio[3.2.0]- 
hept-2-ene-2-carboxylic acid was obtained in 42.1% yield in substantially the same manner as that of 
Example 12 by using ethyl 2-fluoroacetimidate hydrochloride instead. 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 6) : 1.26 (3H, d, J = 6Hz), 1.7-2.4 (2H t m), 2.87 (2H, d, J=9Hz) 
MS : 326 (M + + 1) 



Example 27-1 1 ) 

45 



50 




55 

(5R,6S)-6-[(1 R)-1-Hydroxyethyl]-3-[(3S)-1-(N-isopropylformimidoyl)pyrroiidin-3-yl]-7-oxo-1-azabicyclo- 
[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 28.6% yield in substantially the same manner as that of 
Example 27-4). 
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IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.26 <3H. d, J = 6Hz), 1.27 (6H, d, J=6Hz), 1.7-2.4 (2H, m), 2.88 (2H, d, J=9Hz), 7.97 (1H, 
br s) 

MS : 336 (M* + 1) 



Example 27-12) 




(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-7-oxo-3-[(3S)-1 -{N-(thiazol-2-yl)formrmidoyl}pyrrolidin-3-y l]-1 - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 70.7% yield in substantially the same manner 
as that of Example 12 by using methyl N-(thiazol-2-yl)formimidate hydrochloride instead. 
IR (Nujol) : 1740 cm -1 

NMR (D 2 0, 5) : 1.28 <3H, d, J = 6Hz), 1.7-2.4 (2H, m), 2.88 (2H, d, J = 9Hz), 6.97 (1 H, d, J=4Hz), 7.30 (1H, 
d, J=4Hz), 8.29 (1H, br s) 




(5R,6S)-6-[(l R)-1 -Hydroxyethyl]-3-[(3S)-1 -{1 -methyl-2-(1 -pyrrolinio)}pyrrolidin-3-y l]-7-oxo-1 -azabicyclo- 
[3.2.0]hept-2-ene-2-carboxylate was obtained in 26.3% yield in substantially the same manner as that of 
45 Example 27-9) by using a reaction mixture of 1-methyl-2-pyrrolidinone and dimethyl sulfate (1:1 equivalent) 
instead. 

IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H. d, J = 6Hz), 1.6-2.5 (5H, m), 3.29 (3H, s), 3.4-4.4 (8H, m) 
MS : 348 (M + + 1) 



Example 27-14) 



55 
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COO 



70 The above compound was obtained in 49.5% yield in substantially the same manner as that of Example 
27-9) by using a reaction mixture of 1-formylpyrrolidine and dimethyl sulfate (1:1 equivalent) instead. 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.28 (3H, d, J = 6Hz), 1.5-2.5 (6H, m), 2.89 (2H, d, J = 9Hz), 7.92 (1H, br s) 
MS : 348 (M + + 1) 

75 

Example 27-15) 



20 



25 



HO 




N-CH- 



COOH 



30 (5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-3-[(3R)-1 -(N-methylformimidoy l)pyrrolidin-3-yl]-7-oxo-1 -azabicyclo- 

[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 13.0% yield in substantially the same manner as that of 
Example 12. 

iR (Nujol) : 1750, 1700 cm" 1 

NMR (D 2 O t 5) : 1.28 (3H, d, J = 7.4Hz), 1.9-2.3 (2H, m), 2.88 (2H, m), 3.10 (3H, s), 7.92 (1H, br s) 



35 



Example 27-1 6) 



40 



45 




CH. 



(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-3-[1 -(N-methy lformrmidoyl)azetidin-3-yl]-7-oxo-1 -azabicyclo[3.2.0]hept- 
50 2-ene-2-carboxylic acid was obtained in 25.7% yield in substantially the same manner as that of Example 
12. 

IR (Nujol) : 1755, 1700 cm' 1 

NMR (D 2 0, 5) : 1.28 (3H, d. J = 6Hz), 3.03 (3H, s), 3.07 (2H, d, J=9Hz), 3.28-3.44 (1H, m), 7.66 <1H, br s) 



55 



Example 27-1 7) 
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10 



75 



(5R,6S)-3-(1-Dimethylcarbamoyl-2-formimid^ 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 32.4% yield in substantially the same manner 
as Example 12. 
IR (Nujol) : 1760 cm" 1 

NMR (D 2 0, 5) : 1.27 (3H. d, J = 6Hz), 3.0 <6H, s), 2.78-4.30 (10H, m), 8.13 (1H, s) 



Example 27-18) 



20 



OH 



H H 



25 




CON(CH 3 ) 2 



NH 



COOH 



30 

(5R,6S)-3-[(2S)-2-Dimethylcarbamoyl-1 -formimidoylpyrrolidin-4-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 - 
azabicyc!o[3.2.0]hept-2-ene-2-carboxyiic acid was obtained quantitatively in substantially the same manner 
as that of Example 12. 
IR (Nujol) : 1750 cm" 1 
35 NMR (D 2 0, 8) : 1.26 (3H, d, J=7Hz), 2.99 (3H, s), 3.05 (3H, s), 7.92 (1H, m) 



Example 27-19) 



40 



45 



HO 



H_H\ 



COOH 



3 H 



> 



NH 



(5R,6S)-3-[1 -Formimidoyl-2-methy lpyrrolidin-3-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]hept- 
2-ene-2-carboxylic acid was obtained in 28.3% yield in substantially the same manner as that of Example 
12. 

IR (Nujol) : 1750, 1700 cm" 1 

NMR (D 2 0, 5) : 1.1-1.4 (6H, m), 1.8-2.4 (2H, m), 2.7-3.0 (2H. m), 7.82 (1H, br s) 



Example 27-20) 
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10 



75 




NH 



COOH 



(5R,6S)-3-[1 -Formimidoyl-4-(hydroxymethyl)pyrroIidin-3-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo- 
[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 19.6% yield in substantially the same manner as that of 
Example 12. 

IR (Nujol) : 1750, 1705 cm" 1 

NMR (D 2 0, 5) : 1.2-1.3 (3H, m), 2.8-3.0 (2H, m), 7.97 [1H, br s) 



20 



25 



30 



Example 27-21) 




COOH 



35 



(5R,6S)-3-[(3S)-1 -(2-Hydroxyacetimidoyi)py rrolidin-3-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicycio- 
[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 32.0% yield in substantially the same manner as that of 
Example 12 by using ethyl 2-hydroxyacetimidate hydrochloride instead. 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.25 (3H, d, J=6Hz), 1.6-2.7 (2H, m), 2.8-3.0 (2H, m), 4.47 (2H, s) 



Example 27-22) 



40 




(5R,6S)-3-[(3S)-1 -(2-Carbamoyiacetimidoyl)pyrrolidin-3-yl]-6-[(1 R)-1 -hydroxyethyl]-7-oxo-1 -azabicyclo- 
[3.2.0]hept-2-ene-2-carboxyiic acid was obtained in 31 .6% yield in substantially the same manner as that of 
Example 12 by using ethyl 2-carbamoylacetimidate hydrochloride instead. 
IR (Nujol) : 1750, 1690 cm" 1 

NMR (D 2 0, 8) : 1.26 (3H, d, J=6Hz), 1.5-2.6 (3H, m), 2.7-3.0 (2H, m), 3.0-4.4 (9H, m) 
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Example 27-23) 



70 



HO 




COOH 



NH 



75 



20 



(5R,6S)-6-[(1 R)-1 -Hydroxyethyi]-3-[(4R)-3-formimidoylthiazoltdin-4-yl]-7-oxo-1 -azabicyclo[3.2.0]hept-2- 
ene-2-carboxylic acid was obtained in 72.7% yield in substantially the same manner as that of Example 12. 
IR (Nujol) : 1755-1735 cm" 1 
NMR (D 2 0, 5) : 1.28 (3H, d, J=6.2Hz) 
FAB-MS : 350 (M + + K), 312 (M + + 1) 



Example 28 



25 



30 





COOH 



cocr 



35 (5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-3-(pyrazolidin-4-yI)-7-oxo-1 -azabicycto[3.2.0]hept-2-ene-2-carboxy lie 

acid (100 mg) was dissolved in phosphate buffer (pH 4.0, 10 ml) and the pH of the solution was adjusted to 
pH 6.0 with 0.1N-aqueous hydrochloric acid at 0°C. The pH of the solution was adjusted to pH 7.0 with 
0.1N-aqueous sodium hydroxide at 0° C. To this solution was added carefully ethyl formimidate hydrochlo- 
ride (360 mg) by portions at 0°C, while adjusting the pH between 8.0 and 8.2 with 1N-aqueous sodium 

40 hydroxide. After the addition, the pH was adjusted to pH 6.8 with 0.1N-aqueous hydrochloric acid at 0°C. 
Concentration of the mixture in vacuo gave a residue, which was chromatographed on silica gel (30 ml) 
eluting with a mixture of acetonitrile and water (4:1, V7V) to give (5R,6S)-3-[6,7-dihydro-5H-pyrazolo[1 ,2-a]- 
[1 ,2,4]-6-(4-triazoiio)]-6-[(1 R)-1 -hydroxyethyi]-7-oxo-1 -azabicyc!o[3.2.0]hept-2-ene-2-carboxylate (34.1 mg). 
IR (Nujol) : 1750 cm H 

45 NMR (D 2 0, 5) : 1.28 (3H, d, J =6Hz), 2.6-4.33 (10H, m), 8.94 (1H, s) 



Example 29 



50 



55 
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10 



15 



20 



HO 



HO 




COO"^ 




COO'V 



COOH 



To a solution of allyl (SR^Sha^l-allyloxycarbonylpyrrolidin-S-yO-B-KI R)-1 -hydroxy ethyl]-7-oxo-1- 
a2abicyclo[3.2.0]hept-2-ene-2-carboxylate (1 .24 g) in a mixture of tetrahydrofuran (20 ml) and ethanol (5 ml) 
were added triphenylphosphine (0.16 g), sodium 2-ethyl hexanoate (1.1 g), and tetrakis(triphenylphosphine)- 
palladium(O) (0.37 g). After stirring at ambient temperature for 1 hour, the reaction mixture was washed with 
dichloromethane, and evaporated in vacuo. The residue was chromatographed on nonionic adsorption resin 
"Diaion HP-20" eluting with a mixture of water and acetonitrile (95:5, V/V). The fractions containing the 
desired compound were collected and lyophilized to give (5R,6S)-3-t1-allylpyrrolidin-3-yl)-6-[(1 R)-1- 
hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (500 mg). 
IR (Nujol) : 1750 

NMR (D 2 0. 5) : 1.26 (3H, d, J = 6Hz), 1.7-2.4 (2H, m), 5.3-6.1 (3H, m) 




To a solution of (5R,6S)-3-(1 -allyIpyrrolidin-3-yl)-6-[(1 R)-1-hydroxyethyl]-7-oxo-1 -azabicyclo[3.2.0]hept-2- , 
ene-2-carboxylic acid (500 mg) in a mixture of water (2 ml), acetonitrile (30 ml) and methanol (10 ml) was 
added methyl iodide (15 mi). After stirring at 40 °C for 30 minutes, the solution was evaporated in vacuo. 
The residue was chromatographed on silica gel eluting with a mixture of acetonitrile and water (7:3, V/V). 
The fractions containing the desired compound were collected and lyophilized to give (5R,6S)-3-(1-allyl-1- 
methyl-3-pyrrolidinio)-6-[(1 R)-1 -hydroxyethy l]-7-oxo-1 -azabicyclo[3.2.0]hept-2-ene-2-carboxy1ate (1 60 mg). 
IR (Nujol) : 1750 cm" 1 

NMR (D 2 0, 5) : 1.26 (3H, d, J = 6Hz), 1.8-2.6 (2H, m), 3.11 (3H, s), 5.5-6.2 (3H, m) 
MS : 321 (M* + 1) 



Example 31-1) 




COOH COOH 
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To a solution of (5R,6S)-3-[(lSH,2-diaminoethyl]-6-[(1R)-1 -hydros 
2-ene-2-carboxylic acid (1.00 g) in a mixture of water (100 ml) and tetrahydrofuran (100 ml) was added 
portionwise ethyl acetimidate hydrochloride (1.00 g) under ice-cooling with stirring, keeping the pH between 
8.0 and 8.5 with saturated aqueous potassium carbonate. After stirring for 2 hours, the mixture was 

5 concentrated under reduced pressure to be about 10 ml-volume. The aqueous solution was subjected to a 
column chromatography on silica gel (100 g) and eluted with a mixture of water and acetonitrile (6:4, V/V). 
The fractions containing the object compound were collected, concentrated under reduced pressure, and 
lyophilized to give a solid. A solution of the solid in water (10 ml) was subjected to a column chromatog- 
raphy on tt Diaion HP-20" and eluted with water. The fractions containing the objected compound were 

w collected, concentrated under reduced pressure, and lyophilized to give (5R,6S)-6-[(1R)-1 -hydroxy ethyl]-3-[- 
(4S)-2-methyl-2-imidazolin-4-yl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (0.08 g) as a solid. 
IR (KBr) : 1755-1730 cm" 1 

NMR (D 2 0. 6) : 1.28 (3H, d, J = 6.2Hz), 2.22 (3H, s) 
FAB-MS : 280 (M* + 1) 



Example 31-2) 



20 



25 




COOH 



(5R,6S)-6-[(1 R)-1-Hydroxyethyl]-3-[(4S)-2-imidazolin-4-yl]-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid was obtained in 1.9% yield in substantially the same manner as that of Example 31-1). 
NMR (D 2 0, 5) : 1.28 (3H, d, J = 6.2Hz), 8.18 (1H, s) 
FAB-MS : 266 (M + + 1) 



Example 32-1) 



40 



45 




(5R,6S)-3-[1-(2-Carbamoylacetimidoyl)azetidin-3-yl]-6-[(1 R)-1-hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]- 
hept-2-ene-2-carboxylic acid was obtained in 25.1 % yield in substantially the same manner as that of 
Example 27-22). 
IR (Nujol): 1750, 1600 cm" 1 

NMR (D 2 0. 5): 1 .30 (3H, d, J = 6Hz), 2.95-3.45 (3H, m), 3.95-4.70 (9H, m) 



Example 32-2) 
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5 




(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-7-oxo-3-[1 -{N-{1 .S^-thiadiazol^-ylJformimidoy^azetidin-a-ylJ-l - 
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid was obtained in 32.7 % yield in substantially the same 
manner as that of Example 27-12). 
IR (Nujol): 1750, 1600 cm -1 

NMR (D 2 0, 6): 1.30 (3H. d, J=6Hz), 2.98-3.48 (3H, m), 3.94-4.70 (10H, m), 8.08 (1H, s), 8.85 (1H, s) 



Example 32-3) 




(5R,6S)-6-[(1 R)-1 -Hydroxyethyl]-7-oxo-3-[1 -(1 -pyrrolin-2-yi)azetidin-3-y l]-1 -azabicycio[3.2.0]hept-2-ene- 
2-carboxylic acid was obtained in 43.6 % yield in substantially the same manner as that of Example 27-6). 
IR (Nujol): 1750, 1680, 1580 cm" 1 

NMR (D 2 0, 5): 1.28 <3H, d, J = 6Hz), 1.80-4.70 (16H, m) 
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Claims 



1. A compound of the formula : 



40 



45 




in which 

50 R 1 is carboxy, protected carboxy or carboxylato, 

R 2 is hydroxy(lower)alkyl or protected hydroxy (lower)alky I, 
R 3 is hydrogen or lower alkyl, 
A is a group of the formula: 
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wherein 




NH 



is N-containing aliphatic heterocyclic group optionally containing additional hetero atom(s), 
R 4 is hydrogen, hydroxy, protected hydroxy, hydroxy(lower)alkyl, protected hydroxy (lower)alky I, lower alkyl, 
lower alkoxy(lower)alkyl, halogen, carbamoyl, mono- or di(lower)alkylcarbamoyl or imino-protective group, 
R s is hydrogen, lower alkenyl, carbamoyl, mono- or di(lower)alkylcarbamoyl, imino-protective group, or a 
group of the formula : 



wherein 

R s is hydrogen or lower alkyl optionally substituted by suitable substituent(s), 

R 7 is hydrogen, lower alkyl, cyano, hydroxy(lower)alkoxy(lower)alkyl or heterocyclic group, 

R 8 is lower alkyl, or 

R 7 is combined with R 6 or R 8 to form lower alkylene, and 

m and n are each an integer of 0 to 3, or pharmaceutical^ acceptable salts thereof. 

2. The compound of Claim 1 , wherein 
R 1 is carboxy, pharmaceutical^ acceptable esterified carboxy or carboxylato, 

R 2 is hydroxy(lower)alkyl, acyloxy(lower)alkyl, ar(lower)aikyloxy(lower)alkyl or trisubstituted silyloxy(lower)- 
aikyl, 

the formula : 



4 to 6-membered heteromonocyclic group containing 1 to 4 nitrogen atom(s), which has non-conjugated 
double bond(s) only in its ring, 

saturated 4 to 6-membered heteromonocyclic group containing 1 to 4 nitrogen atom(s), 

saturated 4 to 6-membered heteromonocyclic group containing 1 to 2 oxygen atom(s) and 1 to 3 nitrogen 

atom(s), or 

saturated 4 to 6 membered heteromonocyclic group containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen 
atom(s), 

R 4 is hydrogen, hydroxy, acyloxy, ar(lower)alkyloxy, trisubstituted silyloxy, hydroxy(lower)alkyl, acyloxy- 
(lower)alkyl, ar(lower)alkyloxy(lower)alkyl, trisubstituted silyloxy(lower)alkyl, lower alkyl, lower alkoxy(lower)- 
alkyl, halogen, carbamoyl, mono- or di(lower)alkylcarbamoyl or acyl, 

R 5 is hydrogen, lower alkenyl, carbamoyl, mono- or di(lower)alkylcarbamoyl, acyl, or a group of the formula 




or 
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wherein 

R G is hydrogen or lower aikyl optionally substituted by one to three suitable substituent(s) selected from a 

10 group consisting of hydroxy, carbamoyl and halogen, 

R 7 is hydrogn, lower aikyl, cyano, hydroxy(lower)alkoxy(tower)alkyl J 
unsaturated 5 or 6-membered heteromonocyclic group containing 1 to 4 nitrogen atom(s), 
saturated 5 or 6-membered heteromonocyclic group containing 1 to 4 nitrogen atom(s), 
unsaturated condensed 5 or 6-membered heterocyclic group containing 1 to 5 nitrogen atom(s), 

75 unsaturated 5 or 6-membered heteromonocyclic group containing 1 to 2 oxygen atom(s) and 1 to 3 nitrogen 
atom(s), 

saturated 5 or 6-membered heteromonocyclic group containing 1 to 2 oxygen atom(s) and 1 to 3 nitrogen 
atom(s), 

unsaturated condensed 5 or 6-membered heterocyclic group containing 1 to 2 oxygen atom(s) and 1 to 3 
20 nitrogen atom(s), 

unsaturated 5 or 6-membered heteromonocyclic group containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen 
atom(s), 

saturated 5 or 6-membered heteromonocyclic group containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen 
atom(s), 

25 unsaturated 5 or 6-membered heteromonocyclic group containing a sulfur atom, 

unsaturated condensed, 5 or 6-membered heterocyclic group containing 1 to 2 sulfur atom(s) and 1 to 3 
nitrogen atom(s). 
R 8 is lower alkyl, or 

R 7 is combined with R 6 or R 8 to form lower alkyiene, and 
so m and n are each an integer of 0 to 3. 

3. The compound of Claim 2, wherein 
R 1 is carboxy, lower alkenyloxycarbonyl, phenyl(or nitrophenyl)(lower)alkoxycarbonyl or carboxylato, 
R 2 is hydroxy(lower)alkyl, phenyl(or nitrophenyi)(lower)alkoxycarbonyloxy(lower)alkyl or tri(lower)- 
alkylsilyloxy(lower)alkyl, 

35 the formula : *~ 



40 



45 



NH is 



saturated 4 to 6-membered heteromonocyclic group containing 1 to 4 nitrogen atoms(s), 
saturated 4 to 6-membered heteromonocyclic group containing 1 to 2 oxygen atom(s) and 1 to 3 nitrogen 
atom(s), 

saturated 4 to 6-membered heteromonocyclic group containing 1 to 2 sulfur atom(s) and 1 to 3 nitrogen 
atom(s),or a heterocyclic group of the formula : 

( CH 2)m 2 -N 

50 — </ NH or c \ 




( CH 2 ) n 1 ^ \ CH 2 ) n 2 -N 




wherein 

55 m 1 and n 1 are each an integer of 0 to 3, and 

m 2 and n 2 are each as integer of 0 to 2, with a proviso that 1 £ nV + n 1 ^ 3 and 0 £ m 2 + n 2 ^ 2, 

R 4 is hydrogen, hydroxy, phenyI(or nitrophenyl)(Iower)alkoxycarbonyioxy, tri(lower)alkylsilyloxy, hydroxy- 

(lower)alkyl, phenyl[or nitrophenyI)(lower)alkoxycarbonyloxy(lower)aikyl ) tri(lower)alkylsilyloxy(lower)alkyl t 
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lower alky!, lower aikoxy(lower)alkyl, halogen, carbamoyl, mono- or di(lower)alkylcarbamoyl, phenyl(or 
nitrophenyl)(lower)alkoxycarbony! or lower alkenyloxycarbonyl, 

R 5 is hydrogen, lower alkenyl, carbamoyl, mono- or di(lower)alkylcarbamoyl, phenyl(or nitrophenyl)(lower)- 
alkoxycarbonyl, lower alkenyloxycarbonyl.or a group of the formula : 



N-R 7 or ^>=N 



id R 6 R 6 R 8 



wherein 

R s is hydrogen, lower alkyl, hydroxy(lower)alkyl, carbamoyl(lower)alkyl or halo(lower)alkyl, 
75 R 7 is hydrogen, lower alkyl, cyano, hydroxy(lower)alkoxy(lower)alkyl, pyrrolyl, pyrrolinyl, imidazolyl, 
pyrazolyl, pyridyl, and its N-oxide, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl, tetrazolyi, dihydrotriazinyl, 
azetidinyl, pyrrolidinyl, imidazolidinyl, piperidinyl, pyrazolidinyl, piperazinyl, indolyl, isoindolyl, indolizinyl, 
benzimidazolyl, quinolyl, isoquinolyl, indazolyl, benzotrtazolyl, tetrazolopyridyl, tetrazolopyridazinyl, 
dihydrotriazolopyridazinyl, oxazolyl, isoxazolyl, oxadiazolyl, morpholinyl, benzoxazoiyl, benzoxadiazolyl, 
20 thiazolyl, thiazolinyl, thiadiazolyl, thiazolidinyl, thienyl, benzothiazolyl, benzothiadiazolyl, 
R 8 is lower alkyl, or 

R 7 is combined with R s or R 8 to form lower alkylene, and 
m and n are each an integer of 0 to 3. 
4. The compound of Claim 3, wherein 
25 R 1 is carboxy, C2-C& alkenytoxycarbonyl, phenyl(or nitrophenyl)(Ci-C4)alkoxycarbonyl or carboxyiato, 

R 2 is hydroxy(Ci -C* )alky I, pheny I(or nitrophenyl)-(Ci -Cd )alkoxycarbony loxy(Ci -C 4 )alkyl or tri(Ci -C*)- 
a!kylsilyloxy(Ci -C* )alkyl, 



30 



35 



R 3 is hydrogen or Ci-Ca alkyl, the formula : 



NH 



is azetidinyl, pyrrolidinyf, imidazolidinyl, piperidinyl, pyrazolidinyl, piperazinyl, morpholinyl, thiazolidinyl, 
isothiazolidinyl, thiadiazolidinyl, thiomorpholinyl or a group of the formula : 



CH 2 Jm 1 ^ A CH 2 )m 2 -N 

40 — ^ ^ NH or ( 

( CH 2)n l/ ( CH 2)n 2 -N 




wherei 

m 1 and n 1 are each an integer of 0 to 3, and 

m 2 and n 2 are each an integer of 0 to 2, with a proviso that 1 ^ m 1 + n 1 ^ 3 and 0 £ m 2 + n 2 < 2, 
R* is hydrogen, hydroxy, phenyt(or nitrophenyl)(Ci-C4)a!koxycarbonyloxy, tri(Ci-COalkylsilyloxy, hydroxy- 
(Ci-COalkyl, phenyl(or nitrophenyl)(Ci-C4)alkoxycarbonyloxy(Ci-C4)alkyl, tri(Ci-C4)alkylsilyloxy(Ci-C*)alkyI, 
C1-C4 alkyl, C1-C4 alkoxy(Ci-C^)alkyl, halogen, carbamoyl, mono- or di(Ci-C4)alkylcarbamoyl, phenyl(or 
nitrophenyl)(Ci-Cii)alkoxycarbonyl or C2-C4. alkenyloxycarbonyl, 

R 5 is hydrogen, C2-C4. alkenyl, carbamoyl, mono- or di(Ci -Chalky Icarbamoyl. phenyl(or nitrophenyl)(Ci- 
C^alkoxycarbonyl, C2-C4. alkenyloxycarbonyl or a group of the formula : 
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^ 7 . ®/ r7 

>= N-r' or >=N 



R 6 R 6 

wherein 

R 6 is hydrogen, C1-C4 alkyl hydroxy(Ci-C4)alkyl, carbamoyl(Ci-C4)alkyi or halo(Ci-C4)alkyl, 
10 R 7 is hydrogen, C1-C4 alkyl, cyano, hydroxy(Ci-C0alkoxy(Ci-C4)alkyl, thiazoiyl, thiazolinyl, thiadiazolyl, 
thiazolidinyl, isothiazoiidinyl or thiadiazolidinyl, 
R 8 is C1-C4 alkyl, or * 

R 7 is combined with R s or R B to form C1-C4 alkylene, and 
m and n are each an integer of 0 to 3. 
75 5. A compound of Claim 4, wherein the formula: 



is pyrrolinyl, imidazolinyl, tetrahydropyridyl, azetidinyl, pyrroiidinyl, piperidinyl, pyrazolidinyl, piperazinyl, 
morpholinyl, thiazolidinyl or thiomorphoiinyl, and 

R 5 is hydrogen, C2-C4 alkenyl, C2-C4 alkenyloxycarbonyl, phenyl(or nitrophenyl)(Ci-C4)alkoxycarbonyl, dt- 
(Ci-C4>alky (carbamoyl, (Ci-C4)alkanimidoyl, N-(Ci-Cs)alkyl(Ci -C4)alkanimidoyl, N-[hydroxy(Ci-C4)alkoxy- 
(Ci-C4)alkyl](Ci-C4)alkanimidoyl, N-cyano(Ci-C4)alkanimidoyl, N-thiazolyl(or thiazolinyl or thiadiazolyl or 
thiazolidinyl or isothiazoiidinyl or thiadiazolidinyl)(Ci-C4)alkanimidoyl, C-hydroxy(or halo or carbamoyl)(Ci- 
C4)alkanimidoyl, N,N-di(Ci-C4)alkylimino(Ci-C4)alkyl t and a compound of the formula : 



30 



35 




wherein 

40 R 6 is hydrogen or C1-C4 alkyl, R 8 is C1-C4 alkyl, and I is an integer of 3 to 5 to from 5 or 6-membered N- 
containing heterocyclic ring respectively. 

6. The compound of Claim 5, wherein 
R 1 is carboxy or carboxylato, 

R 2 is hydroxy(Ci-C4)alkyl, and 
45 R 4 is hydrogen, hydroxy, hydroxy(Ci-C4)alkyl, C1-C4 alkyl, C1-C4 alkoxy(Ci-C4)alkyl t halogen or dKCi-C*)- 
alkylcarbamoyl. 

7. The compound of Claim 6, wherein 
R 2 is 1-hydroxyethyl, 

R 3 is hydrogen or methyl, 

50 R* is hydrogen, hydroxy, hydroxy methyl, methyl, methoxymethyl, fluoro or dimethylcarbamoyl, and 

R 5 is hydrogen, allyl, allyloxycarbonyl, benzyloxycarbonyl, dimethylcarbamoyl, formimidoyl, acetimidoyl, N- 
methyl(or ethyl or isopropyl)formimidoyl, N-methylacetimidoyl t N-[2-(2-hydroxyethoxy)ethyl]formimidoyl, N- 
cyanoformimidoyl, N-(thiazol-2-yl)formimidoyi, N-(1,3,4-thiadiazol-2-yl)formimidoyl, 2-hydroxy(or fluoro or 
carbamoyl)acetimidoyl, N.N-dimethyliminiomethyl, 1-pyrrolin-2-yl, 1-methyl-2-(1-pyrrolinio), or a compound 

55 of the formula : 
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7. A process for the preparation of a compound of the formula : 




70 



75 



20 



25 



30 



35 



40 



45 



50 



in which 

R 1 is carboxy, protected carboxy or carboxylato, 

R 2 is hydroxy(lower)alkyl or protected hydroxy(lower)alkyl, 

R 3 is hydrogen or lower alkyl, 

A is a group of the formula : 



is N-containing aliphatic heterocyclic group optionally containing additional hetero atom(s), 
R 4 is hydrogen, hydroxy, protected hydroxy, hydroxy(lower)aikyl, protected hydroxy(lower)alkyl, lower alkyl, 
lower alkoxy(lower)alkyI, halogen, carbamoyl, mono- or di(lower)alkylcarbamoyl or imino-protective group, 
R 5 is hydrogen, lower alkenyl, carbamoyl, mono- or di(lower)alkylcarbamoyl, imino-protective group, or a 
group of the formula : 



wherein 

R 6 is hydrogen or lower alkyl optionally substituted by suitable substituent(s), 

R 7 is hydrogen, lower alkyl, cyano, hydroxy(Iower)alkoxy(lower)alkyl or heterocyclic group, 

R 8 is lower alkyl, or 

R 7 is combined with R & or R 8 to form lower alkylene, and 
m and n are each an integer of 0 to 3, or salts thereof, which comprises 
(a) cyclizing a compound of the formula : 
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5 




10 



wherein R\ R 2 , R 3 and A are each as defined above, and 
R 9 is aryl or lower alkoxy, 

or salts thereof to give a compound of the formula : 



75 



20 




25 



wherein R\ R 2 , R 3 and A are each as defined above; or 
(b) subjecting a compound of the formula : 




wherein R 2 , R 3 and A are each as defined above, and 
R a is protected carboxy, 

or salts thereof to removal reaction of the carboxy-protective group on Rg to give a compound of the 
formula : 



45 



so 




A 



65 



wherein R 2 , R 3 and A are each as defined above, or salts thereof; or 
(c) subjecting a compound of the formula : 
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10 wherein R\ R 3 and A are each as defined above, and 
R| is protected hydroxy[lower)alkyl, 

or salts thereof to removal reaction of the hydroxy-protective group on R| to give a compound of the 
formula : 



75 



20 




25 



wherein R\ R 3 and A are each as defined above, and 
R§ is hydroxy(iower)alkyl, 
or salts thereof; or 

(d) subjecting a compound of the formula : 



30 



35 




N — R* 



a 



4 o wherein R\ R 2 , R 3 , R 4 and the formula : 



.45 



are each as defined above, and 
R| is imino-protective group, 

or salts thereof to removal reaction of the imino-protective group of R| to give a compound of the formula : 



50 



55 
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Wherein R\ R 2 , R 3 , R 4 and the formula : 



70 



are each as defined above, 
or salts thereof; or 

(e) reducing a compound of the formula : 



15 




20 



wherein R\ R 2 , R 3 , R 4 , R 5 , m and n are each as defined above, 
or salts thereof to give a compound of the formula : 



25 



30 



1 * 




N-R" 
4 



35 



wherein R\ R 2 , R 3 , R 4 , R 5 , m and n are each as defined above, 
or salts thereof; or 

(f) reacting a compound of the formula : 



40 



45 




wherein R\ R 2 , R 3 , R 4 and the formula : 



so 



55 



are each as defined above, 

or salts thereof with a compound of the formula : 

R 10 -O-Rg 

wherein R£ is a group of the formula : 
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> N-R' 



or 



>=N 



R' 



wherein R B , R 7 and R s are each as defined above, and 
R 10 is lower alky I, or ar(lower)alkyl, 
w or salts thereof to give a compound of the formula : 



rs 




20 



wherein R\ R 2 , R 3 , R\ R[5 and the formula : 



25 



N-R v 



are each as defined above, 
or salts thereof; or 
30 (9) subjecting a compound of the formula : 



35 



40 




R 



N-R" 



wherein R\ R 2 , R 3 , R 5 and the formula 



45 




are each as defined above, and 
5t> Ra is protected hydroxy or protected hydroxy(lower)alkyl, 

or salts thereof to removal reaction of the hvdroxy-protective group on R£ to give a compound of the 
formula : 



55 
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70 



wherein R\ R 2 , R 3 , R 5 and the formula : 



15 




NH 



are each as defined above, and 
R£ is hydroxy or hydroxy (lower)alky I, 
20 or salts thereof; or 

.(h) reacting a compound of the formula : 



25 



30 




ncoor: 



wherein R\ R 2 , R 3 , R 4 and the formula 



35 



(J^NH 



are each as defined above, and 
40 H\ is lower alkenyl, 

or salts thereof with Palladium compound in the presence of about 1 equivalent of a scavenger, to give a 
compound of the formula : 



45 



50 




N-R 



wherein R\ R 2 , R 3 , R*, R? and the formula : 



55 
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are each as defined above, 
or salts thereof; or 

(i) reacting a compound of the formula : 



10 




wherein R\ R 2 , R 3 , R 4 , R^ and the formula : 



75 



20 



are each as defined above, 

or salts thereof with a lower alkylating agent to give a compound of the formula 



25 



30 




COO 



wherein R 2 , R 3 , R\ R^ and the formula 



35 



— (Tnh 



40 are each as defined above, and 
R 11 is lower alkyl, 
or salts thereof; or 

0) reacting a compound of the formula : 



45 



50 




(CH-) -NH 
^ ni 

i 

<CH 2 ) n -NH 



wherein R\ R 2 , R 3 , m and n are each as defined above, 
55 or salts thereof with a compound of the formula : 
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R 10 -O 



H 



NH 



wherein R 10 is as defined above, 

or salts thereof to give a compound of the formula : 



10 



15 




N // 



COO 



0 



< CH 2V N -^ 



(CH 2 ) n -N- 



N 



20 wherein R 2 , R 3 , m and n are each as defined above; or 
(k) reacting a compound of the formula : 



25 



30 




(CH-) -NH- 
(CH 2 ) n -NH 2 



wherein R\ R 2 , R 3 , m and n are each as defined above, 
35 or salts thereof with a compound of the formula : 

R 10 -O 



40 



wherein R 6 and R 10 are each as defined above, 
or salts thereof to give a compound of the formula : 

45 




« NH 



50 




< CH 2V N 



<CH 2 ) n -N 




55 



wherein R\ R 2 , R 3 , R 6 , m and n are each as defined above, 
or salts thereof. 
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8. A pharmaceutical composition which comprises a compound of Claim 1 or pharmaceutical^ 
acceptable salts thereof and a pharmaceutical^ acceptable carrier or excipient. 

9. A process for preparing a pharmaceutical composition which comprises admixing a compound of 
Claim 1 or pharmaceutical^ acceptable salts thereof with a pharmaceutically acceptable carrier or excipient. 

5 10. A compound of claim 1 or pharmaceutically acceptable salts thereof for use as a medicament. 

11. A compound of claim 1 or pharmaceutically acceptable salts thereof for use as an antimicrobial 
agent. 

12. A use of a compound of Claim 1 or pharmaceutically acceptable salts thereof for manufacturing a 
medicament for treating infectious diseases. 

io 13. A method for treating infectious diseases which comprises administering a compound of Claim 1 or. 

pharmaceutically acceptable salts thereof to human or animals. 



75 



20 



25 



30 



36 



40 



45 



50 



55 
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